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Chlorophyll Derivatives 
Commercial Preparation and Uses 


Their Chemistry, 


These products are commercially obtained in the United States to 
the extent of about 80,000 pounds annually by extraction of about 
32,000,000 pounds of alfalfa, for the most part by only three con- 
cerns. They are finding increasing use, not only in the manufacture 
of popular deodorants but also in medicinal preparations for treat- 
ing anemia and hypertension, as a healing agent and in oral hygiene. 
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Introduction 


Green plants are capable of synthe- 
sizing their complex constituents from 
the dioxide of the 


water, inorganic elements 


carbon 
and 


. 
atmosphere, 


derived 


KEPHART 


Lama Colorado 
from the soil The energy required lo! 
these chemieal processes is supplied by 
solar radiation absorbed by the green 


This bio- 
chemieal process of photosynthesis not 


coloring matter of the plants 
only is responsible for our food supply, 
but, in the form of wood, coal and oil, it 
supplies three-fourths of our mechanical 
energy. It is significant, then, that in no 
Instance has photosynthesis taken place 
in the complete absence of chlorophyll 
even ih plants of red or vellow colora- 
tion chlorophyll is present, its green color 
simply masked by the predominant pig- 
ment 

For the past 150 years chlorophy8 and 
its role in plant hie have been the at 
ects Ol extensive 
thi 
points its chemistry has been well eluei- 
dated. Its within the 
cell, still mystery and 
probably will retnainh sO as long as such 


sclentifie investigation, 


and with exception of a few minor 
plant 
however, is 
Investigations are confined to chlorophyll 
divoreed from the living cell 


with newer concepts aided by radioiso- 


Hlowe ver, 


topes it should not be surprising to find 
this all 
solved within 


Hnportant hiochemieal process 


a relatively short time 


Chemistry and Isolation 


Serzelius (6) was the first to attempt 


isolation of chlorophyll, and his work 


* 
25 an 
p+) 
3 
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maved the way fo later investigators 


most ol whom employed such drastic 


methods that they succeeded jn isolating 
only 4 mixture of chlorophyll! decomposi- 
tion products Stokes 


(76) discovered 


spectroscopically that chlorophyll is a 
and he 


them by partition between 


mixture of Pigments separated 
solvents 

A relationship between the 
nent of plants and the red 


blood 


green pig- 
Pigment of 
Was postulated by Verde! 
This hypothe SIs Was elaborated upon by 
Sehunek (70), Marehle Wski (48) 


Hoppe-Seyler (37), and certain phases 


and 


of such hypotheses are now known to be 


correct 

Due to its extreny sensitivity, ready 
solubility and the difficulty of separating 
it from contaminating substances. ut 


tempts to isolate 
doned alter the 
and it 


chlorophy I] were aban- 
work of Hoppe-Seyler 
lor R. Willstaeter (86) 
working on 


remained 
and his students an clabo- 


rate scale, to jsolats and chemically 


identify the green plant Pigments 

In general plants do not form chloro- 
Phyll unless the Vy are 
etiolated 
small quantity of yellow pigment 


exposed to visible 


radiation plants eontain a 
and a 
minute amount of 
differs spectroscopically 
phyll (29) 


plants chlorophy I] is developed 


a green pigment which 
trom =chloro- 
On irradiation of etiolated 


rapidly, 


and it has been suggested that a pre- 
cursor of chlorophyll CXists plants 
Zrown ins thy dark This substance, 
termed proto-chlorophyll has been 


isolated and structurally identified (29) 


The coloring matter of plants is a mix- 


ture, and by suitable mi thods ol extrac- 


tion and partition there are obtained 


two green Pigments (chlorophyll a and 


chlorophyll-b) the orange to red carote- 


Phe 


Phvll-b is usually 3 1; that 


and the yellow to red xanthophiy IIs 


ratio of chlorophyll-a to chloro- 


Ol curotens 


to xanthophyll] ind thy ratio of the 


total green to total vellow 


Pigments is 


BOTANY 


approximately 3:1. With the exception 
Ol certain aquatic Plants these 
the 


pigments 
same, irrespective of the plant 
isolated 

The two chlorophyll components have 
the following composition : 


(Fig. 1) * 


are 
Ussue from which they are 
chlorophyll-a, 
Chlorophyll-b, 


CssHaNyOuMg (Fig 2) These parts 
owe their Wwax-like nature to the phyty!] 
group in the molecule Although both 


are tetra-pyrrole Piginents phytol and 
magnesium distinguish chlorophyll from 
hemin, the red Pigment of the 
3) 
phatic molecule and 


blood (Fig 
The latter does not contain an alj- 
Is rec- 
placed with complexly bound iron. 

On drastic degradation. the two chloro- 
phylls yield red crystallized 


porphyrins with 


compounds 
characteristic ab- 
They contain the tetra 
pyrrole nuclei linked with —CH in the 
alpha positions and are substituted com- 
pounds; the 


sorption spectra 


nucleus carrying hydrogen 
atoms only has been named “ porphine ” 

Two important modifications of the 
porphine (Fig. 4) system exist: the di- 
hydroporphine or chlorin (Fig 
and the phorbin (Fig. 6) “vstem, differ- 
Ing trom chlorin by 


5) system 


addition of a carbo- 
evelie ring 


Fischer (27) proposed a numbering 
system (Fig. 7) whieh differs considera- 
bly Irom that suggested by the Inter- 


‘hemistry: because of 
its simplicity, it is preferred by 
phyll chemists, 

The magnesium complex salts of the 
porphyrins called 
According to Fisehey (27a), then, ehloro- 
plivll-a is the phvyllin§ of 1 .3,5,8-tetra- 
methyl-4-ethyl-2-vinyl-9-oxo-10 carbo 
methoxy phorbin-7-propionic acid phyty! 


hational Union on ¢ 


chloro- 


are Phyllins ’ 


ester, while chlorophyll-b Is the 


158 trimethyl-4-ethy! 2 


phyllin 
vinyl-3-for- 
my1-9-oxo-10-carbomet -phorbin-7- 
Ppropiomie phytyl este! The two 

* Throughout thi paper 
derivatives 


hyl 


only the chlorophyl! 
d through degr idation of 
will be lustrated 


obtame 


ehloroy 


¥ 
4 
2 
& 
oF 
= 
| 
= 


big. 1 pper) Chiorophyll-a 
2 (Middle) Chiorophyll-b 
hic, 3 (Lowe Hemin, the red pigment of hemoglobin 


lal CHs r 
3¢ CH, Cons 
1 
HC CH 4 
Hac 
3 CH 3 ij” 
| 
COOC 
cboc 20439 
3% CHeCH. 
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CH2 CHy 
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4 pper) Porphine 
5 (Middle). Chorin 


Fig, 6 (Lowey 


differ only in their substituents 
tion 3 
li a chlorophyll derivative is named 


together with a number as a suffix, such 


a number refers to the number of oxygen 
atoms in the molecule 


In POsl- 


) Phorbin 


The enzyme chlorophyllase is the spe- 
cifie enzyme working on chlorophyll; by 
its action in the presence of aleohol, the 
phytyl group is replaced by the radical 
of the solvent With methanol as sol- 
vent the methyl chlorophyllide dimethy! 


6 
H 
— H 
| 
~ CH 
H H 
H 
H 
N N 
H 
H H H 
H H 
N 
HC CH 
C 
4 
| 


hia 
Fic 
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7 (Upper) Numbering system proposed by Fischer 


(Muldle). Methyl- hlorophythide 
9 (Lower) Pheophytin 


1 2 j 4 joes 
N 
_Iv | 
7 5 
H4C H==CH CH 
3 2 Salts 
< 
> Me~ CH 
~ 
=" 
H4C H H 
3 2 3 Boies, 
3 
COocK 
3 
CH=CH» GH, CoH. 
nd CH 
H2 7 — —— C20 CH, 
COOCH, 
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Lf the 


the 


ester is formed (hig reaction 


is carried out in acetone monocar- 


bonie acid chlorophyllide is formed 
The 


Tisitive 


phyllins of phorbins are very 


to acids, and even weak acids 


are capable of replacing the magnesium 
the molecule with two 


ol hydrogen 


atoms. The two chlorophylls on treat- 
ment with acid yield pheophytins a and 
(Fig. 9 


Zroup may 


With strong acids the phyty! 


also be removed 


The prod- 


ucts then are pheophorbides whieh still 
contain one carbomethoxy group 
Treating an ether solution of chloro- 
phyll or a chlorophyll derivative having 
alkali 


Callecs Opening of this ring, and ce pend- 


the earboeyelic ring intaet with 


ing on the conditions of reaction, numer- 
ous compounds are formed. Their char- 


acteristic the chlorin 
(Fig. 10) 


Propyl alcoholic potassium hydroxide 


Is 


hot only cleaves the carboevelie ring but 
ChUses ih secondary reaction an oxida- 
The 
cehlorins 


tion at carbon atom ten resulting 
still but 


cuuse of their characteristic absorption 


compounds are he- 
properties, they are grouped together as 
purpurins (Pig. 11) (64) 

Willstaeter (86) found that a eharae- 
teristic ol 


phyll, pheophytin and pheophorbide in 


reaction undamaged chloro- 


ether solution is that on addition of 
alkali the chlorophyll changes from 
green to yellow and back to green. Co- 
nant (19) found the first product ol 
Willstaeter’s so-called “ phase test” for 
undamaged chlorophyll to be an un- 


stable chlorin whieh on standing con- 
verts to pheopurpurin 18 (Fig. 14). Im 
mediate the reaction 
mixture converts the unstable ehlorin to 
pheopurpurin-7-trimethyl ester (Fig. 15) 
The 


(Conant 


esterification of 


phase test reaction Was shown by 
to be hydrolysis 
with atmospheric oxygen acting as hy- 


an oxidative 


drogen acceptor. The hot saponification 
of either pheopurpurin 7 or its ester KIVes 
rise to a new chlorin, chlorin-f (Fig. 16) 


BOTANY 
The unstable chlorin is a tricarboxylie 
acid or its lactone (Fig. 12 or 13) 


Willstaeter (86) also described a reac- 
chlorophyll! which he 
allomerization When an 
chlorophyll 1s 
the 
chlorophyll 


tion of termed 
alcoholic 
solution allowed to 
stand 


rized 


for some time resulting “ al- 


no longer 
capable of giving the phase test From 
its aleohole solution he prepared chlo- 
(20) showed that allom- 


rin-g. Conant 


erized chlorophyll, on hydrolysis and 
removal of magnesium by acid and im- 
the same 

This is 
unallonn rized ” chloro- 


unde! 


mediate esterification, gives 
product as does the phase test 
Ih contrast to 
phyll 
vields chlorin-e, 


Catalytic 


which identical treatment 


hydrogenation ol chloro- 
phyll in acid medium differs according 
to the catalyst employed; palladium 
eauses Tormation ot colorless compounds 
with the addition of two moles of hydro- 
gen. When platinum catalyst is em- 
ployed, four moles of hydrogen are used 
These leuco compounds may be reoxi- 
dized in air to the corresponding por- 
phyrins 


pounds having the vinyl group may also 


In alkaline medium those eom- 


he reduced to leuco compounds 
The stability of the carboxyl groups in 
In 


compound decarboxylation tukes 


chlorophyll derivatives is variable 
place immediately on heating; in others 
the compound may lose carbon dioxide 
at temperatures well above the melting 
point 

Boiling pheophytin-a or a pheophor- 
bide with methanolie potassium hydrox- 
ide for 30 results in the for- 
mation of chlorin-eg (Fig. 17) This 
compound may be formed also by shak- 


seconds 


ing an ether solution of purpurin 18 with 
Chlo- 
rin-@g may be changed into chlorin-e, 
(Fig. 18) on boiling in pyridine 

In general, modern isolation of chloro- 
phyll from plant tissue follows the pro- 
Willstaeter (86) 


methanolic potassium hydroxide 


of either or 


cedures 


= 

| 

q 

ed 

+ 


Wy CH 


HC 
N 
¢ 
| 
CH2 Hy 
COOH COOH 
COOH 
HC CH»CHo 


x 
Sy 


H3C COOCH, CHy 
COOCH 
HC CH=CH» 
C ~ 
N 
HC CH 


— _—— 


H3C HO— 
CH2 COOK 0 cH, 
| 
COOH 
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Fic, 11 (Middle). Purpurin-5-dimethyl-ester 
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3 
4 
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SN 
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ZA 
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W3C 


\ 
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CH 
H3C CH=CH, 
N 
~ e 
\ 
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CHa 
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COOH 


Fic, 13 (Upper) Unstable chlorin 
Kia 14 (Middl ) Pheopurpurin-18 


Fic, 15 (Lower). Pheopurpurin-7, 


H 
CH 
CHeCHy CHy ans 
NN N ~ 
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CH, 
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Fic. 16 (Upper). Chlorin-f 
Fic. 17 (Middle). Chlorin-e. 
Fic, 18 (Lower) Chlorin-e, 
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Schertz (66). Willstaeter extracts dried 
plant tissue with aqueous acetone 
fers the 


trans- 
pigments to petroleum ether, 
xanthophylis by 


petroleum ether solution with 85% meth- 


removes Washing the 


anol, and frees the petroleum ether of 
methanol hy exhaustive water Washing, 
after whieh the chlorophyll precipitates 
and is removed by filtration through 
tale 

Schertz made a preliminary extraction 
with hexane for re- 
A second extraction 
acetone-water is then carried 
chlorophyll and 


trans- 


of dried plant tissue 
moval of carotene 
with 80% 
out for removal of 
xanthophyll. The pigments are 
ferred to hexane, and xanthophylls are 
removed by extraction of the hexane 
with 85% Finally the nexane 
is freed of methanol by exhaustive water 
after which the chlorophyll 
precipitates and is recovered by eentri- 
luging at 30,000 

Winterstein and Stein (87) obtain the 
pigment mixtures in a benzene-petroleum 
ether 


methanol 


Washing, 


solution and chromatograph on 
After development of 
the chromatogram, chlorophyll-a forms 


the lower blu 


powdered sugar 


green zone which is re- 


moved with acetone-ether solution 


Chlorophyll-b forms the upper vellow- 


green zone of the chromatogram which 
may be eluted with ether. The prin- 
cipals of chromatography have been 


applied to commercial production of 
chlorophyll 

Experimental knowledge necessary for 
work on chlorophyll must be acquired 
by careful repetition and checking of 
definitely known and the 
chemistry of chlorophyll requires a num- 


ber of special methods applicable with 


reactions, 


only minor changes to a large number 
chlorophyll Their 
practical application is difficult) because 
of the lability of the 


SUCCORS depends 


of derivatives of 


compounds, and 
large extent on 
training and experience 


The spectroscopic behavior ol chloro- 
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phyll pigments renders the spectroscope 


the most valuable instrument in chloro- 
phyll chemistry 
Since in ether the absorption bands are 


very sharp, this solvent should be em- 


ployed wherever possible Spectra in 
alkali are often diffuse and hard to 
measure; in addition colloidal  phe- 
nomena May Cause considerable varia- 
tion. Further, chlorophyll derivatives 
are extremely sensitive to light, and 


changes in absorption characteristics 
may occur While measurements are being 
examinations should 


made. Therefore 


be carried out in the minimum of time 
Krom the foregoing it will be deter- 
mined that in the preparation of a 
chlorophyll substance one must be con- 
stantly aware of its extreme lability and 
sensitivity to light, acids and alkali, and 
that only slight changes in technique 
may cause fundamental changes in the 
undergoing 


character of the produet 


preparation, 


Factors Affecting Chlorophyll 
Content of Plants 


The chlorophyll content of all plants 
is indeed variable. This variation may 
be attributed to one or more of the fol- 
lowing: 


Stem-Leaf Ratio. In leafy plants ap- 
proximately 95% of the chlorophyll 
resides in the leaf, and in most commer- 
cial chlorophyll operations facilities are 
available for removing the stem fraction. 
The stem-leaf 
trolled by harvesting the plants at a 


ratio may also be con- 
stage of growth when the ratio is low. 
In cereal and grasses the 
chlorophyll content is also higher at an 
early growth but 


rapidly as the plant matures 


pasture 


stage of declines 


Fertilization. It has been demon- 
strated (24) that plants deprived of iron 
do not normally produce chlorophyll. 
The chemical form in which the iron is 


presented to the plant seems to make 


9% a 
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little difference so long as the pH is kept 
that there is a soluble iron com- 
pound available at all times. 

Maiwald (47) found that the amount 
of potassium used fertilizer 
greatly influenced the intensity of green- 
ing in leaves. 

MeHargue (50) observed that wheat 
seedlings grown in manganese-free me- 
dium grow normally for the first few 
weeks, but after this time the develop- 
ment of chlorophyll is retarded and the 
plants become yellow. 

Kostychev (43) demonstrated that an 
excess of certain minerals in the soil may 


such 


salts 


as 


eause diminution of the chlorophyll con- 
tent. He showed that plants which had 
become accustomed to soils poor in lime 
displayed chlorosis when grown on soils 
which had been heavily irrigated with 
lime water 

An inadequate supply of 
may but an 
quantity of this element may have the 
same effect if the supply of nitrogen is 
not large enough (31). 

Magnesium is present in the chloro- 
phyll molecule, and its complete ab- 
inevitably leads 
Fleischer (28) and Kennedy (41) found 
that much more magnesium is required 


potassium 


cause chlorosis, EXCESSIVE 


sence to chlorosis 


to bring about the full rate of photosyn- 
thesis than to prevent chlorosis 

Manganese, like iron, in some way 
seems to be essential in the production of 
chlorophyll. In its absence a character- 
istic mottled chlorosis develops in the 
younger leaves 

Water. 
only inhibits synthesis of chlorophyll but 


Desiceation of leaf tissues not 


sems to accelerate disintegration of the 
chlorophyll already present. A familiar 
example of this effect is the browning of 
grass during droughts. 

Light. Formation of chlorophyll de- 
pends not only on the intensity of light 
but also on its 
Johnston (40) found less chlorophyll in 
plants grown in red light, while Stoklasa 


spectral composition 


DERIVATIVES 
(77) noted that formation of chlorophyll! 
occurs more rapidly in ultraviolet light 

Willstaeter (86) observed that leaves 
grown in shade are much richer in ehloro- 
phyll than those grown in full sunlight 


Chlorophyll Production 


Although ehlorophyll has been em- 
ployed in the coloring of soaps, waxes, 
ete., lor many years, its recent applieca- 
tion to medicinal, deodorant and indus- 
trial uses has resulted in its manufacture 
on a seale far exceeding its earlier pro- 
duction, The usage of chlorophyll has 
expanded until there are now three major 
The American Chlorophyll 
Lake Worth, Florida; The 
Keystone Chemurgie Corporation, Naza- 
reth, Pennsylvania; and The National 
Chlorophyll 
Lamar, Colorado 
capacity the 
these companies is estimated to be in 
the neighborhood of 80,000 pounds of 
chlorophyll derivatives per year which in 
turn requires approximately 32,000,000 
pounds of raw material annually 

During the period when ehlorophyll 
products were being introduced to the 


producers ; 


Company, 


Chemical 
When 


combined 


and Company, 
operating at 


production of 


public, several other chlorophyll com- 
panies were formed, but as a result of 
production and other diffieulties, most of 
these have discontinued operations 
Raw Material. [xcept for a few more 
or less experimental runs, dehydrated 
alfalfa las served exclusively as the raw 
Al- 


though other plants are known to be 


material for chlorophyll produetion, 


substantially richer in chlorophyll, none 
is cultivated and artificially dried on the 
There- 
readily 
available and economical source of chlo- 


same extensive scale as alfalfa 
fore, dehydrated alfalfa is a 
rophyll, and the rapid and successful ex- 
pansion of the chlorophyll industry may 
be attributed to the 


industry 


alfalfa dehydration 
In general, if alfalfa is har- 
vested at an early stage of growth and 


dehydrated immediate ly, one should ex 


: 
=. 
‘ 
= 
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pect an excellent yield of chlorophyll 
Although during dehydration chlorophyll 
degradation occurs, such degradation. as 


will bn subsequently shown, may be 
desirable 

The usual chlorophyll produetion proc- 
Css consists Of the following steps: a) 
primary extraction, b) separation of con- 
tuminating substances, ¢) conversion to 
stable derivatives 
Primary Extraction. ‘This first step is 
accomplished by either bateh or eontinu- 
ous processes, and a wide variety of sol- 
vents are available for the purpose In 
mixture of 
of the 


lractionation of 


some Instances a solvents Is 
but, because 
the 


mixing 


employed 
involved in 
IXtUres, 


such 
should be 
Although no 


solvents 
avoided wherever possible 
quantitative data are given, the 
Paint and Drug 


solvents for 


teporter (56) lists some 
chlorophyll] extraction 


ninonyg them are 


Kthyl aleohol beth vlene iso 
acetate butyl ether 
Diethvlene glycol kethylene glycol diethy! 
Diethylene oxide ether 
Kthylene chloride glycol isoamy! 
glyco! ether 
Diethyl ether Ethylene glycol propy!] 
Diethyvlene glycol ether 

monouce late kthylene glycol methyl! 
Diethylene glycol ether 

butyl! ether Dichloroethylen 
Dibutyl phthalate Carbinol 


Butyl cellosolv« 


Butyl butyrate 


Diacetone 

(yvelohexanone 
hlorolorm Sutyl alcohol 
Sutyvl acetate 


Amyl 


sutvl 


llosolve 


‘arbon tets ehlorick ileohol 


( 
{ 
( 
Carbon disulfide 
Amy! ileohol 
\cetone 


CGilveol othe 


wetats 
Acetvlens 


Cilveol diacetate 


tetrachloride 


monoacetats 
Methyl evclohexanone 
Petraethylene glycol 


wetate 
Isopropyl aleohol 
Propylene oxide 
Toluene Benzene 
Trichloroethvlene Perehloroethane 
Paraffin oil Pats 

Fixed Oils 
Ethvlene glycol butvy! 


ropyl ether 
ether 


are avail- 
able for the extraction oft chlorophyll, 


Although numerous solvents 
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because of the complete and rapid ex- 
traction obtained most chlorophyl| pro- 
ducers preter aqueous-solvent mixtures, 
Willstaeter (86) gives the following data 
on the degree of extraction obtained with 
aqueous solvents: 

or AQuEOUS SOLVENTS ON 


CMLOKOPHYLL EXTRACTION 


Gm. chlorophyll extracted 
Volume 


percent Methy! 
Acetone 
ilcoho! ileohol 
100 3.05 5A 62 
97 7.70 
66 29 
vO O45 
85 9.75 74 O4 
915 OS 
75 7.80 12 
70 7.10 
65 560 


In some instances thi deliydrated alfalfa 
is rehydrated to about 15 pereent mols- 
ture content, the net result the 
same as extraction with aqueous solvents 

Crude Extract. the ex- 
treme lability of chlorophyll, the solvent 


Is usually 


being 
Because of 


recovered from the erude ex- 
tract at reduced pressures and tempera- 
tures 


With 


acetone or isopropanol, the crude extract 


4 non-aqueous solvent, such as 
alter removal of solvent has the follow- 


Ing approximate composition: 


Chlorophyll 
Carot« re 


Nanthophyll 


02-04 
03-05 


W axes ? 
asst rols 10 20 
Qils .. ? 
Tocophero! 
Vitamin K 


Phytol 20-3.0 


When an aqueous-acetone solvent is 
employed, the quantity of lipoidal sub- 
stances extracted is reduced considerably, 
but the extract 
quantities of 


contains considerable 


water-soluble substances 
which must be removed before purifica- 
tion of the chlorophyll in the crude ean 
be accomplished 


Separation of Contaminating Sub- 
stances. The nature of the crude chloro- 
phyll extract the 
solubility of the leaf constituents in the 
particular solvent and the 
niques of separation and purification of 
the chlorophyll must be varied according 
to the solvent 


varies according to 


used, tech- 


For example, if aqueous 
solvents are employed, the water-soluble 
substances must be 
the erude 
immiscible solvent; these materials may 


removed by trans- 
lerring extract to a Water- 
then be removed by washing with water, 
while the lipoidal substances remain in 
the 


“are 


the non-aqueous phase On other 
hand, if 
ployed, considerably 


extracted 


non-aqueous solvents em- 
more lipoids are 
While some of these may be 
removed by saponification, the remain- 
der must be removed by de-waxing o1 
fractionation between solvents 

The flow 
a procedure for purifying chlorophyll 
irom 


following description gives 
obtained through 
the extraction of dehydrated alfalfa mea! 
containing 15° percent with «a 
solvent consisting of equal parts of ace- 
tone and hexane. 

Conversion to Chlorophyllin. The 
crude extract is reacted with methanolic 
sodium hydroxide. By this treatment 
the phytyl radical of the chlorophyll is 
replaced with sodium as are the alky! 
radicals of the earbomethoxy 
The water-soluble sodium magnesium 
chlorophyllin thus formed is simply the 
magnesium complex of the phytochlorins 
(86). 

When saponification is complete, the 
which consists principally of 
chlorophyllins, carotenes, xanthopliylls 
waxes and sterols, is slurried with ace- 


crude extract 


moisture 


ass, 


tone for extraction of the unsaponifiable 
The slurry is passed through 
a Washing centrifuge; the liquid phase 
is taken to an 
The chlorophyll-containing 
solids phase is reslurried with aqueous 
(35-65), in which the 
phyllin is soluble, and passed through 


substances. 


evaporator for solvent 
recovery. 


acetone chloro- 
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Crude Extract 


Saponification of 
Crude with CH .OH 
NoOH 


Saponified Crude 


Slurried with Acetone 


f 
Washing Centrifuge | , Liquid Phase 
] consisting of 
carotenoids, fats 
Solids waxes, etc 


| Reslurried with 65% | Solids, soaps, woxes 
| acetone 35% water | etc. insoluble in 
65% acetone 


Liquid Phase 
Sodium Magnesium 
Chlorophyllin 


Evaporator | 


Sodium Magnesium 
Chlorophyllin in Water 


| Add Heavy Metal 


Salt and Acidify 


Filter and Wash 
with water 


T 


[ Dissolve precipitate 

| in acetone and precipitate 
| chlorophyllin with hexane 


Filter 


Water Solution of 
Metallo-Chloro 
phyllin 
(phytochliorin 


Suspend precipitate in 
water and adjust to pH 
10.5 with alkali 


at procedure for 
erude 


low-diagram of 
chlorophyll 


purilying 
acetone-hexane ex- 
tract of alfalfa 


Here the 
liquid phase containing the ehlorophyllin 


another washing centrifuge 
ix passed through an evaporator for ace- 
tone recovery, the product being a water 
solution of 
phyllin 


sodium magnesium chloro- 
The solids phase, which con- 
sists principally of waxes and soaps, is 
discarded 
Conversion to Stable Derivatives. 
Those chlorophyll compounds containing 


complexly bound magnesium are the 


fact 
[ 
oy 
a 
| 
Bite, 
| 
J 
| 
| 
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most unstable of all chlorophyll deriva- 
tives, and for the purpose of stabilization 
au heavy metal must replace the magne- 
sium of the chlorophyll nucleus. Such 
replacement is easily accomplished the 
reaction medium differing according to 
the metal to be introduced. For prepa- 


ration of the copper, cobalt, iron, nickel, 


silver Zine, manganese of gold 
plexes, acid solution is required. In 
weakly alkaline solution the mercury, 


tin, lead or thallium complexes ar¢ 
formed, whereas the sodium, potassium, 
rubidium and 


plexes are formed only under strongly 


CCsiuin 
alkaline conditions 

While up to the present time the cOp- 
per chlorophyll comple xes have been In} 
most general usage, more recent applica- 


tions require a heavy metal other than 


copper, and in some instances a water- 
soluble compound, in which hydrogen 
replaces the metallic nucleus, is used 
From the solution of 
magnesium chlorophyllin, prepared as 


above, the 


wate! sodium 


Inagnesium for 
heavy metal is readily accomplished by 


exchange of 


addition of an excess of a copper or other 
salt to the hot 
solution, followed by acidification 


metallic chlorophyllin 


The 
magnesium is replaced with copper, and 
removed from the 


the sodium ions are 


molecule, thus precipitating the water- 
insoluble coppel phytochlorin The 
per chlorin is contaminated with a large 


quantity of fatty acids which are formed 
the the 
sodium magnesium and 
these must be removed by Washing the 
precipitated phytochlorin with a solvent 
in which the fatty acids are soluble but 


from SOUPS which ACCOMpPany 


chlorophyllin, 


the copper phytochlorin is insoluble, or, 
the metallochlorin derivative and fatty 


precipitated therefrom with hexane; in 


acids he dissolved in acetone and 


this instance the fatty acids remain in 
the hexane 
After filtration of the precipitated 


chlorophyll the blue-black powder is 
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suspended in water and the hydrogen of 
the carboxy! groups is replaced by addi- 
tion of an alkali metal. On the addition 
of alkali, the salt of copper phytochlorin 
is formed, thus becoming water-soluble 
and dissolving. The resulting solution of 
sodium or potassium copper phytochlo- 
rin may be used as such or dried to a 
powder of 90 to 100 percent purity. 
Chlorophyll Derivatives of Commerce. 
Willstaeter (86) demonstrated that. de- 
pending upon the purity of the initial 
chlorophyll and other conditions, the re- 
action of chlorophyll with alkali could 
lead to either a single tricarboxylie acid 
(phytochlorin-e) or a mixture of mono-, 
di- and tri-earboxylie acids. For exam- 
ple, when pure chlorophyll was subjected 
to rapid and hot saponification, the iso- 
sodium chlorophyllin 
obtained; acidification of this compound 
vielded the tricarboxylie acid, phyto- 
chlorin-e. However, if cold saponifica- 
tion Was used, the same procedure led 


magnesium Wits 


only to a mixture of mono-, di- and tri- 
carboxylic acids, e.g., chlorin-g, chlorin-f, 
chlorin-e and perhaps other degradation 
products, 

Furthermore, Willstaeter (86) showed 
that the same procedure » hen applied to 
pheophytin or allomerizcd chlorophyll, 
regardless of the conditions of saponifi- 
mixture of the 
feebly basic chlorins-f and -g, with lesser 


cation, led only to a 


quantities of chlorin-e present 
Unfortunately, under the best of com- 

the dehydration of 

plant tissue results in the decomposition 


mercial processes 
of at least a part of the chlorophyll, and 
under extremely adverse circumstances 
total degradation of chlorophyll may 
take place; liberated plant and 
high temperatures result in the forma- 
tion of pheophytin, allomerization and 
isomerization of the chlorophyll. Since 
it is precisely these chlorophyll degrada- 


acids 


tion products whieh result in the forma- 
tion of the feebly basic chlorins-f and -g, 


along with lesser amounts of phyto- 
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chlorin-e, from dehydrated plant tissue 
one can expect no more than a mixture 
of the chlorophyll mono-, di- and tri- 
carboxylic acids. Therefore, the prod- 
ucts of commerce are truly the sodium 
or potassium salts of a mixture of copper 
phytochlorins-f, -g and -e, 
Except for the 
replacement of magnesium with a heavy 
identical 


and In some 
instances, the purpurins 


metal, these compounds 
with the ehlorophyllins 


Uses 
INDUSTRIAL 


Photochemical Sensitizer. ‘The first 
indication of an industrial use for chloro- 
phyll was given by Beequerel (5, 57) 
who employed chlorophyll as a sensitizer 
of collodion and silver bromide or iodide 
film. Several chemical reactions can be 
carried out with chlorophyll in this ea- 
pacity; the photochemical reduction of 
methyl red by phenylhydrazine in the 
presence of chlorophyll has been reported 
by Ghosh and Sen Gupta (32). Bohi 
(9) brought about the photochemical re- 
duction of a number of dyestuffs belong- 
ing to very different classes of chemical 
compounds. 

Coating and Protective Agent. ‘Thic 
ability of the chlorophy!! molecule to 
build up laminar films with either hydro- 
philic or hydrophobie properties is well 
known. Although the physies of such 
laminar films and monomolecular layers 
is a relatively new field, the research 
reported to date has already disclosed a 
wide and potential field of commercial 
application of them, both organic and 
inorganic (52). By using such films, 
special optical properties, 
flectivity and multilayer strueture, can 
be achieved (3), and protective coatings 


e.g., 


non-re- 


for metals and for use in food preserva- 
tion are possible 

Among such commercial applications 
for chlorophyll could be the coating ol 
the inside of sealed bags and other con- 
tainer packages in order to absorb oxy- 


gen or other gases. In agriculture, seed- 
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lings can be coated with a thin multi- 
laminar layer which, if of a chlorophyll 
nature, could conceivably carry various 
micro-nutrients and even hor- 
mones Sugar beet chicory 
and earrot seedlings have been treated 
in this way, in order to improve rate of 
germination and to enhance root fixation 

Food-Coloring and Micro-Nutrient- 
Carrying Agent. During the past few 
years increasing attention has been di- 


growth 
seedlings, 


rected in the food industry te the im- 


provement of the appearance of food 
products, as offered for sale on the re- 
tailer’s shelf This attention has ex- 


tended to the marketing of fresh vege- 
tables and the problem of giving them 
a fresher and more pleasant appearance 
One exam- 
ple in this regard is lettuce whieh tends 


over a longer period of time 


to assume a Weak green or white appear- 
ance long before its food value has in 
Loss of sala- 
bility inevitably is the result 


any way been impaired 


It would obviously be desirable to im- 
the green 
color by use of additive coloring matters 
Aside the facet that many green 
dyes now available for this purpose are 
unsuitable their 
toxicity, even those whieh are non-toxic 


prove and preserve natural 


from 
of 


obs iously because 


do not have the natural color of the 
green leaf which is required. Chloro- 
phyll or its derivatives would be the 
obvious coloring agent to use in this 


respect. These compounds are not only 


the natural color of the plant itself, but 


ure also non-toxic, even in high 


centrations. In addition, if properly ap- 
plied, such derivatives may actually im- 
the the 


kor cobalt 


prove food value of vegetable 


itsell 
chlorophyllin used 


example, or iron 


as a dyestuff could 
the 


properties of lettuce, so that this vege- 


definitely enhance hematopoietic 
table could rival the present well known 
spinach and similar greens in this respect 

Other 


phyll 


minor applications of chloro- 


compounds in food produetion 


age 
ree 
ad 


ls ECONOMIC 


would include the use. of chlorophyl! 
chelates as 


like 


molybdenum 


earners Ol micro-nutrents 


cobalt, zine, iron and 


either in gardening or in 
The ad 


phyll compounds in 


hydroponics chloro- 


othe: 


Vantage ol 
contrast to 
hes im the 
would 


Carriers fact that chlorophyl! 
| 


chelates deliver 


metal atoms to 


plants much more slowly, thus prevent- 
ing burning ” of 
The 


lor treatment ol 


them 
same compounds could be used 
chlorosis orchards 
or in gardening 

Chelating Agent. Ii is 


that 


Wwe know 


complex molecules which have "i 


strong resonating molecular structure 
have also strong chelating power which 
ix stable down to a very low pH range 
Outstanding examples of this contribu- 
tion of a strong resonance effect to che- 
late stability are the natural pigments 
such as chlorophyll or heme, in which a 
porphyrin derivative is 


lent 


bonded to biva- 
metal 

Phe extraordinary stability of these 
substances is indicated by the fact that 


chelates of 


coppel and other bivalent 


metals with porphyrin derivatives are 
not decomposed by strong mineral acids 
In the chlorophyll molecule and its de- 
rivatives the resonating 
varied 


nature 


power ol the 
chelate can be according to the 
the side chains 
The absorption constant as 


number and 
involved 
well as the distribution coefficient of the 
chelate can thus be which 
makes these compounds very interesting 


for appheation ion 


changed, 


separation and 
solvent extraction, both of w hich are now 
being applied increasingly to rare earth 
separations, as well as in nuclear chem- 
istry and other industrial fields 
Catalytic Agent. 
ture of the chlorophyll molecule confers 
upon this pigment the ability to exhibit 
aetivily as 


The special strue- 


a catalyst Its function in 
the largest 
and most effective application in this re- 


vard known to date 


photosynthesis is probably 


Although this im- 
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portant function has long been recog- 


nized, the mechanism of photosynthesis 
and the role of chlorophyll therein have 
not been elucidated. The problem has, 
extensive field of 
The lack of data 
on the catalytic action of chlorophyll 


however, become an 


research all of its own 
compounds is undoubtedly a result of 


their great sensitivity and their recent 


high cost 

Chlorophyll can act, in general, as an 
Such re- 
actions can be purely chemical or photo- 
sensitized 


oxidation-reduction catalyst 


kor example, photosensi- 


tized reaction with molecular oxygen 


would follow a general scheme like this: 


() Chloroph — — Chloroph 


().—~Chloroph A 
> Chloroph O—O—A 
> Chloroph AQ. 


Such reactions could be used, for ex- 
oxidation of 
Schmidt (67) used chlorophyll 


catalyst in 


ample, for organic come 
pounds 
aus preparing carboxylic 
The 
of chlorophyll as an anti-knock agent in, 
fuel 
upon such a reaction, as is also the use 
of chlorophyll in the tobaeco industry 
(35) the amount of 
monoxide formation in cigarette smoke 

Chlorophyll can also act as a hydro- 
Vitamin © 
be reduced in this way, in the presence 


acids from reducing sugars action 


combustion is undoubtedly based 


to decrease carbon 


ven donor in catalysts ean 
of cobalt-dehydrogenase, under the action 
ol light (44). 

The influence of the chelated metals 
with chlorophyll is similar to the usual 
strong influence of 
cobalt in catalysts, e.g., 


activating iron oor 
in the photo- 
oxidation of methyl! linoleate (38) as an 
anti-oxidant in fats (17). 

Sun Screening Agent. The degree of 
afforded against sunlight or 
other polychromatic radiation by a sun- 
burn function of the 
spectral distribution of the radiation, the 


protection 
preventive is a 


transmission spectrum of the preventive, 


As 


and numerous factors affecting the 
threshold of the individual. 
During exposure of the skin to sun- 


light an immediate reddening is usually 
observed. This is a heat erythema pro- 
voked by the long visible rays and disap- 
pears shortly after radiation is stopped 
The erythema resulting from 
ultraviolet rays of sunlight, 3000 A and 
below, is produced only after a latent 


shorter 


period of from one to ten hours (23) 


If the dosage of ultraviolet light is large 
there may be desquamation of superficial 
skin layers or even blistering or more 
(23) 
sun tan on exposure to sunlight is due to 
the longer ultraviolet rays of 3200 A and 


severe damage Pigmentation or 


sunburn is 
provided by any material which absorbs 


above Protection against 
ultraviolet light of wave lengths shorter 
than 3200 A 
window glass, and it is possible to gain 
the same result by applying to the skin 
a substance which filters out the respon- 
sible radiation (8). 

Many suntan preparations have been 
devised and marketed, but relatively few 
are effective and some are entirely use- 
(8). The unique light absorption 
properties of chlorophyll and its deriva- 
tives causes them to be a valuable in- 
gredient of sun tan for, 


This is accomplished by 


less 


preparations, 


while absorbing the harmful shorter 
ultraviolet rays, the pigment-forming 
longer ultraviolet rays are allowed to 


come in contact with the skin. 
Wunderer (88) evaluated many sub- 
stances for the protection of human skin 
He observed 
that most preparations designed to pro- 


against strong radiation. 


tect against erythema do not eliminate 
Of the newer 
materials studied, chlorophyll was capa- 


the active wave lengths 


ble of absorbing the harmful rays. 

Vidal (82) studied the sereening effi- 
cleney of several compounds against sun- 
burning of human skin; neither nicotinic 
acid resorein ultraviolet 
light when applied to the skin, but they 


nor absorbs 
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were useful as internal protectants 


against sensitization Tannin and qul- 
nine were likewise ineffective, but ehloro- 
phyll in external application efficiently 
protected against sunburn 

Roffo (62) 


methods for 


used two 
the skin 


against actinic radiations: a) by obtain- 


successfully 
protection ol 


ing pigmentation of the skin by means 


of controlled sun baths of a duration 


previously determined by graduated ex- 


posure; 6) by covering the skin with 
creams containing a substance having a 
selective absorption of the ultraviolet 


rays The substance used by tollo was 
chlorophyll, and he noted that the 
vehicle, which in his case was either 


gelatin, glycerol or lanolin, was also of 
Hnportance 

Schreiber (68) deseribed the skin pro- 
tective substances issued by the quarter- 
master corps. Beeause the skin prepa- 
rations had to be suitable for use under 
any climatic condition, three color com- 
binations were developed: a) green on 
loam for white soldiers in non-snow en- 
vironment; 6) green and sand for negro 
environment; ©) 


soldiers in) non-snow 


white and loam for troops in snow en- 


vironment. This work suggests military 
use of chlorophyll 
Vidal (78) found that 


rubrophrene, fluorescein, eosin and aeri- 


Tinao and 
dine derivatives were of high ultraviolet- 
the 
quency of sensitization caused by these 
that the 
same agents which sensitize within the 


absorbing power In view of Ire- 


substances it was coneluded 
hody protect most efficiently when ap- 
plied to the skin. Sensitization by cer- 
tain chlorophyll porphyrins 
demonstrated (69, 45), and this supports 
in theory the work of Roffo, Wunderer 
and perhaps 
chlorophyll derivatives to be an effective 


has been 


others who have found 


sun-screening agent 
Others. 


the oxidation velocity of some ethylenic 


In addition to the foregoing, 


double bonds is inereased in the presence 


ane 
| 
' 
\ 
big! 
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ot chlorophyll (60), use of chlorophy!|l 
vulcanization of 
rubber has been patented (12), photo- 


as accelerator in the 


chemical decomposition of sugar is pre- 
vented by chlorophyll (7), the pigment 
is one of the best dispersants for carbon 
black printing inks but uneconomical for 
(30) 


of chlorophyll com- 


such use at present a patent re- 
lating to the use 
pounds in camouflage has been assigned 
to the U. 8S. Navy (80), chlorophyll 
when added to drying oils accelerates the 
drying process in direct’ proportion to 
the amount of chlorophyll present (65), 
a patent has been granted on the use of 
heavy metal chlorophyll derivatives as 
antiknock compounds for gasoline (34), 
and, finally, some chlorophyll deriva- 
tives are easily incorporated into plas- 
tics, to which they impart a remarkably 


stable green coloration 


MepicaL 


Anemia. 
chemical relationship between the blood 


establishment of the 


pigment and that of green plants Wits 
responsible for the first investigations of 
the pharmacologic applications of chloro- 
phyll. Dr. Burgi (14), Director of 
the Pharmaeslogical Institute of the 


University of Berne, Switzerland, was 


among the first to produce evidence for 


the therapeutic value of chlorophyll and 
its derivatives. Initially Burgi found 


that when rabbits, rendered anemic by 
artificial means, were left without medi- 
cation, their blood was renewed within 
sIx to eight weeks: addition of chloro- 


phyll or iron shortened the regeneration 
weeks, But when chlorophyll 
was used in combination with iron, the 


by two 


normal blood count was restored in eight 
to ten days Recovery in these experl- 
ments was judged by reference to the 


hemoglobin content and erythrocyte 


count This experiment was performed 
four times, always with the same result 
Burgi (14) also treated 126 anemic pa- 
tients with a ehlorophyll-iron compound 
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These cases included 39 of pure chlo- 
rosis; the others were regarded as cases 
of secondary anemia developed against 
a background of disease or else a nutri- 
The patients ranged in 
age from 18 to 52 years and were of both 
The 
chlorophyllin in combination with iron, 
The efficacy of the 
medication was determined by 


tive deficiency 


SCXES. medication, consisting of 
was given orally 
hemo- 
In all instances 
the benefit of the treatment 


globin and blood count 
Was appar- 
ent not only in the blood picture but also 
by increased appetite and general con- 
dition of the patient 

Dr. Arthur J. Patek (58), Harvard 
Medical School, studied the effect of 
chlorophyll on the regeneration of blood 
In two series of observations on the same 
patient, pheophytin was fed by mouth, 
averaging one gram daily for seven days, 
effect on the red cell 
count, the concentration of hemoglobin 


without blood 


or the reticulocyte count. Negative re- 
sults were noted also in two patients fed 
sodium echlorophyllin daily, in amounts 
averaging one and one-half grams daily 
for seven days. In one case five ml. of 
chlorin-e was injected intramuscularly 
daily for five days without effect. In 
three series of observations on two pa- 
tients a trial period of treatment with 
ferric ammonium citrate in daily doses 
of 0.6, 0.6 and respectively, 
was given for ten days. In the first case 
a moderate response of reticulocytes oc- 


1.8 grams, 


curred; in the other two, only a slight 
With this medica- 
tion continued, erude chlorophyll was 
added in amounts of three, four and five 
grams, respectively, for ten days, but an 
Thus 


very smal! doses of iron with relatively 


response took place 


additional effect was not observed. 


large doses of chlorophyll were no more 
effective than iron alone. 

In seven series of studies on five pa- 
tients ferric ammonium citrate in sub- 
optimal doses was given daily for at 


least ten days, during which the usual 


Ag 
Je 
 - 
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response ol reticulocytes occurred with 
the peak between the fifth and eighth 
day 
the chlorophyll product added in daily 
amounts comparable by weight to the 
In all 
Instances 4 second ret iculocyte response 
occurred with the peak on about the 
fifth day. There were three trials with 
crude chlorophyll, two with pheophytin 
and with sodium chlorophyllin 
During the first period of ten days with 


iron alone, the average gain in concen- 


Iron medication was continued and 


dose of ferric ammonium citrate. 


two 


tration of hemoglobin was 4.6 percent, 


and during the second period, 7.8 per- 
cent. These figures allow only a rough 
estimate of the gain in concentration 


In short intervals there may be a lag of 
response so that one period overlaps the 
However, it that the 
In concentration of 
hemoglobin with iron and chlorophyll 


second appears 


rate of increase 
therapy exceeds that with iron alone 

In a series of studies on two patients, 
0.1 gram of iron citrate was injected 
intramuscularly daily for days 
Moderate response of the reticulocytes 
With identical therapy con- 
tinued, sodium chlorophyllin was fed by 


ten 
occurred, 


mouth; to one patient 0.7 gram was ad- 
ministered daily for eight days, and to 
the other one gram daily for six days 
A second reticulocyte response took place 
promptly, which indicated that the com- 
bined effect was more potent than that 
of iron alone. In a series of three studies 
on two patients, iron citrate in doses of 
0.1 gram daily was injected intramuscu- 
larly for ten days 
occurred 


A sinall reticulocyte 
With this therapy 
continued, chlorin-e was injected daily in 
five Kach 
myection corresponded to 0.1 gram of the 
solid in 
the reticulocyte count occurred in both 


response 


doses of five ee. for days 


maternal A second sharp rise 
Instances 

Patek commented as follows: “ Several 
possible CHUSCs WAY be considered to 


plain the ineffectiveness of chlorophyll 
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In certain of 
anemia there may eXist a state of pure 
deficieney of iron: there may be no want 
of pyrrol or of pigment substances, and 


derivatives alone Cuses 


in such instances one would expect no 
benefit from chlorophyll therapy. Since 
the materials in erude chlorophyll and 


pheophytin are relatively insoluble, there 


would arise also the question of em- 
barrassment of absorption from the 
gastro-intestinal tract. However, the 


soluble chlorophyllin salt administered 
orally and chlorin-e administered par- 
enterally likewise failed affect the 
blood picture when given without iron. 
It is apparently essential, therefore, that 


to 


iron be present before a chloropylll sub- 
be utilized 
involved in the formation of chlorophyll, 
although they do not enter into its mo- 
Emerson and Noack 
showed that the growth of chlorophyll 


stance can salts are 


lecular structure 


in plants ean be controlled by the pres- 
An analogous cata- 
in the 


ence of iron salts 
lytic effect perhaps tukes part 
formation of hemoglobin 

It is known that chlorophyll combines 
chemically with iron in the ratio of about 
In those in 


a response to therapy 


ten molecules to one 
which 


CUSCS 
there was 
this ratio Was never exceeded, the high- 
In the in 
which there was no response, with a large 
excess of chlorophyll, the ratio to iron 
It may be that 
fixed 
because of its strong affinity for chloro- 


est being ten to one CASES 


was as high as 35 to one 


in the latter, iron was or buried 


phyll and thus beeame unavailable for 


absorption from the gastro-intestinal 


tract 


in those Cises i which it second re- 


ticuloeyte response occurred, together 


with an increased rate of regeneration of 
hemoglobin following the administration 
ol chlorophyll derivatives and ron, the 


response appears to have been signifi- 


cant \ reticulocyte response occurs, to 
be sure, as the result of hemolysis, but 
signs Of this were not observed The 


2 
ont, 
3 
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‘gnifieant second responses took place 


on the addition to iron medication of 


chlorophyll, sodium chlorophyllin, pheo- 
phytin and ehlorin-« 
thie 
all 


In the latter two 
substances 


In 


magnesium radical is 


preparations iron Was 
present in insignificant traces, Henee it 
i* illogical to consider that a mineral 
contamination of iron or Is 


responsible for the inereased hemato- 


The that similar 


phenomena occurred when material was 


observed fact 


administered parenterally exeludes a 
change of Vistro-intestinal absorption fis 
the conditioning factor when materia] 


Was given orally 
In patients given chlorophyll and its 
derivatives, there is a rhythmie pattern 


The 


and thy 


of hematologic response time of 


onset of the response 


taken by the reticuloeyt count, the in 


tse coneentration of hemoglobin 


and 


the sense of we 
in all 
occurred 
likely that 


hot 


were simular patients in whom «a 


it 
SCOTS the changes observed 
thie 


stances used provided i special hemato- 


wert aeeidental and that sub 


poetic stimula Whether they acted in 


the intermediary stage of iron metaho- 


Hist, that as, utilization of iron. or 


Whether they acted simply in a substitu 


tive way Vas not aseertamed 


Patek summarized as follow 
a) Twenty obser nlions on 
1D cases of chronic | Vpochromue 


1 the 


were piace ol determining 
What efleet the administration of chloro- 
}) ivil products 


blood 


Produce on 


ition of the 
In 


of chlorophyll and its ce 


Instances the administration 


yvradation prod- 
ucts alone did not produce changes in the 


blood 


cy mstances the administra- 
f1i0n of large doses ol crude chloro- 


plivll vith very small doses of iron like- 
wise did not produce ¢ 


d) In 


Coses 


in blood 


twelve sets of observations on 


the administration of ehloro- 
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phyll products after a period of medica- 
tion with comparable amounts of iron 
was followed by an orderly and signifi- 
cant increase of the concentration of the 
hemoglobin in the seeond reticulocyte 
response. This combined effect was pro- 


duced when materials were given par- 


The studies 
suggested that the body Can Use pre- 
lormed pyrrol substances for the build- 


enterally as well as orally 


ing Ol hemoglobin 

In 1936 Hughes and Latner (39) pub- 
lished a paper entitled ‘Chlorophyll and 
Hemoglobin Regeneration after Hemor- 
In work 


anemic repeated 


rhage ” their rabbits were 


rendered by bleeding 
vein and then allowed to 
During their 


animals 


Irom an ear 
recove!l recovery 
ted 
phyll dissolved in olive oil] 


period 


the test were with chloro- 


Tests were 
made with varying doses of pure chloro- 
phyll and with a large dose of erude 
chlorophyll, and one with 
free chlorophyll derivative Pure chloro- 


phyll in large doses had no effect on the 


speed of hemoglobin regeneration afte; 
hemorrhage, whereas very small doses 
markedly increased the speed Crude 


chlorophyll is effective in large doses 
rhe magnesium-free derivative also aids 
regeneration when given in large doses 

In 1932 Aoki (2) published a paper 
entitled “ Experimental Studies on the 
effect of Chlorophyll upon the Forma- 


tion of moglolbin 


d 
is follows 


a) Injection 0] 


chlorophyll] into the 
normal rabbit produces no change in the 
number of red corpuseles or the 
unount of hemoglobin 

6) In rabbits made anemic hy 
tion 
the 


soluble 


phenylhydrazine hydrochloride 


Injection (intravenous) of 


Wuater- 
resulted in a 


hye moglobin 


orop! \ llins 


marked Inerense in 


Aoki belie ved the latter effect attribu- 


table to the pyrrole ring in the chloro- 


} log le 
}) IVIL NoOleculs 


While no Information as to thei 


~ 
See 
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available, the foregoing 
works demonstrate the value of chloro- 
phyll and chlorophyll derivatives in the 
treatment of anemia 
Bacteriostatic Agent. 
Smith (74) 
terial properties of water-soluble chloro- 
phyll derivatives. As 
investigations, which were supported by 


mechanism is 


In Muay, 1944, 
reported on the anti-bae- 


a result of these 


a grant from the Committee on Thera- 
fesearch of the Couneil of Phar- 
macy of the American Medical Associa- 
tion, he 
had 


peut ic 


was able to state that evidence 
accumulated to 
that 
duce an environment unfavorable 


been support the 
chlorophyll acts to pro- 
to the 
growth of bacteria instead of by any 
direct action upon the organisms them- 
The ability 


to hold back anaerobie bacterial growth 


selves of these derivatives 


points, in lis opinion, to an oxidation 


In brief, chlorophyll is not 
bactericidal but exert a 


mechanism 
strictly 
definite 


bacteriostatic action and may 


even display ft bactericidal effect against 
certain organisms under suitable con- 
ditions 

Healing Agent. 


Smith suggested that 


In the foregoing paper 
prompt tissue re- 


response to chlorophyll therapy 


factor in its ability 
(ther 


American 


chiet 
Infection 


night be the 
to contro! investiga- 


Medical 


seem to bear this out 


tions, also aided by 
\ssocintion grants 
Thus Smith and Sano (78a) reported in 
the Journal of Laboratory and Clinical 
Medicine in 1944 


chlorophyll derivatives in concentrations 
of O.05-0.5% . 


that water-soluble 


when added to tissue-cul 


tures of ciabryonie fibroblasts, caused an 


ilinost inimediate growth response with 
climination of the usual six- to 18-hour 
riod \loreover, this growth-stim 
ulating effeet could be maintained by 
replenishing the chlorophyll every two 

In more extensive and severe but also 
more indicative investigations, Smith 
and Livingston (73) in 1943 found that 


water-soluble chlorophy derivatives ae- 
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celerated the healing of experimental 
wounds and burns in animals. 
tain statistically significant findings, 
they studied the effect upon the healing 
of 1,372 experimentally induced wounds 


To ob- 


and burns produced by topical appliea- 
tion of 17 medicinal preparations in cur- 
rent use. Of the agents tested, five were 
water-soluble chlorophyll derivatives in 
different vehicles 
their 


To further strengthen 
control series of 872 
It was 
found that of all the agents tested, only 


findings, a 
similar lesions was also studied 
the chlorophyll preparations consistently 
showed any statistically significant effect 
healing of wounds 
Wounds thus treated healed 
than 
preparations 


on secelerating the 
and burns 
24.9% 


treated 


those 
The 
rate of healing was appre clably hastened 
in 67.9% of the the 
chlorophyll were 


laster on an average 


with other 
animals on which 
Various preparations 
used pereentage, Was noted, was 
approximately twice that obtamed with 
studied 


as that obtained 


any of the other preparations 
and five times as great 
With various sulfa compounds 
(18) gives his 


103 


results on the 
afflicted by 


Combes 


treatment of] patients 


Various dermatosis and cutaneous 
wounds, with water-soluble chlorophyll 
derivatives To test the bacteriostatic 
efieacy, subjects with pyoderma, ee- 
thvma and secondarily infected derma- 


tosis were chosen Patients with uleera 


Hions, traumatic wounds of Various types 


and compound Iractures were also in 


cluded in order to evaluate the wound- 


healing properties the medieation \ 
third group, including atopie dermatitis 


dermatitis denenata 


lermatitis herpeti 
formis, pemphigus and hypostatie derma 


titis, Was studied to determine whether 


any antipruritic ind soothing effect 


would be produced and to see whethe: 


trie ition chlorophyll hastened 


bye ri 
Many 


had re- 


healing of the dermatosis as had 


rreque ntly demonstrated in uleers 


patients included in the study 


eerved prior therapy with unsatistactory 


A 
= 
ogy 
by 
| 
ie 
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results. The undiluted chlorophyll solu- 
tion Was 
soaked for 


times a day 


wet dressing or 
four 
The ointment was applied 


daily or every second day in those cases 


used as a 


half an hour at least 


where it was thought advisable to dis- 
little 
Kighty-four patients were treated with 
the ointment alone, eight with the solu- 
the both 
In the last group therapy 
with wet 
ointment 


turb the dressing as as possible. 


tion alone, and balance with 
preparations 
Was initiated 


soaks The 
when the lesions became dry 


compresses or 
was substituted 
Combes 


concluded as follows: 


a) On clinical trial chlorophyll solu- 
tions and ointments appeared to be effee- 
tive facilitating growth of 
granulation tissue and epithelization. 


agents in 


b) Both appeared to be effective bac- 
teriostatic agents as judged by the Clini- 
cal Reduction Separation in the second- 
ary affected 
pemphigus, etc 


ulcers, contact dermatitis, 

ec) They had a moderate to marked 
anti-pruritie effect 

d) Under the conditions of these clini- 
eal trials both were non-toxie and could 
be classified as having a relatively low 
tendency to irritate 

Combes commented further that one 
benefit from the 
chlorophyll derivatives was its marked 
deodorizing effect 


outstanding use of 


Lowry 
Surgical 


(46), of the Department of 
Research, Ohio State Univer- 
sity, reported the results of treating the 
following 


I. An unhealed burn of the leg of 15 


years duration with an uleer superim- 
posed on the sear 

Il. A breaking down of the skin of the 
leg in a case of clephantiasis 

An unsuccessful skin graft follow- 


ing a crushing hand injury 
Hlis conelusion was as follows 


Three cases have be en presented which 


demonstrate an effective healing response 
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resistant skin lesions. The 
time involved in accomplished healing in 
one case does not detract from the fact 
that healing did occur in a lesion of 15 
years duration in an ambulatory patient 
destined to work in an unfavorable en- 
vironment. The healing of 
the uleer cannot be attributed to chloro- 
phyll alone. While it played an impor- 
tant part, it is felt that the infiltrations 
of bacitracin solutien were a definite fac- 


to chronic 


successful 


tor in eventually bringing about a state 
of repair. The case actually illustrates 
both 
Case II emphasizes the epi- 
thelial stimulation properties of chloro- 


an effective cooperation between 


agents 


phyll, and contrast of it against Case I 
illustrates the advantage of bed-rest and 
extremity elevation. Finally, Case ITI, 
while not a condition of long standing, 
is an instance of effective healing follow- 
ing an apparent failure to respond to 
skin grafting. 


In 1938 Barnes (4), of the Hahne- 
Medical College and Hospital, 
published a paper in which he compared 
13 healing agents, among which were 
penicillin and sulfanilamide. Of all the 
agents tested, chlorophyll showed the 
greatest healing action and the 
rapid healing rate. Barnes has con- 
tinued his work, and several other re- 
ports by him demonstrate that measure- 


mann 


most 


ment of the decline of electrical potential 
during the healing process serves as an 
index to the rate of wound healing. Thus 
Barnes was able to evaluate the effec- 
tiveness of chlorophyll and other healing 
agents by comparing the healing index 
of wounds treated with the test agent 
and the healing index of control wounds 
By subtracting the percent lost per hour 
in the test wound, Barnes (4a) obtained 
the healing differential of the test agent 
In one series of tests with experimental 
finger abrasions, water-soluble chloro- 
phyll demonstrated a healing differential 
of plus 1.30, indicating a shorter healing 
time for chlorophyll-treated wounds than 
for the 


control Chlorophyll’s healing 


3 

‘ 
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differential was higher than that of any 
of the other agents tested which included 
shark liver oil, searlet red, penicillin and 
sulfanilamide powder. In 1951 a further 
study by Barnes, reported in the Ameri- 
can Journal of Surgery, reaffirmed the 
positive healing differential for ehloro- 
phyll against minor differentials for sear- 
let red, sulfanilamide and hydrosulphol 
He commented: “ Dressings containing 
chlorophyll were found to give a higher 
healing index (percent wound potential 
loss per hour) than dressings containing 
the same ointment vehicle alone when 
worn on the same person the same 
time 

Bowers (11), of the U.S Army Medi- 
cal Corps, reported in 1947 on the obser- 
vations of 35 medical officers of the staff 
of the Winters General Hospital regard- 
ing the use of water-soluble chlorophy!! 
ointments in over 400 clinical cases of 
wound healing. The doctors stated that 
granulation tissue formed 
rapidly and that it showed finer texture 
than with any other agent used i pi- 
thelization also appeared to be stimu- 
lated more by chlorophyll than by other 
agents, including penicillin. In suppu- 
rating cases, including osteomyelitis and 
thoracic empyema noted for prolonged 
suppuration, chlorophyll caused cessation 
of pus formation in two or three days 


at 


Wiis nore 


In nasal and sinus cases chlorophyll had 
a quicker effeet in stopping 
drainage than any other agents 


purulent 
The 
“Chlorophyll is the 
best agent now known for the use in the 


author concludes: 


treatment of suppurative diseases, indo- 
lent ulcers or wherever stimulation of 
tissue repair is desired ”’ 

These general clinical reports on ehlo- 
rophyll in wound in humans 
confirm earlier work of the late Dr. Ben- 
jamin Gruskin (33) of Temple Univer- 
sity, who in 1940 published (33) results 
on 1200 cases ranging from acute infee- 


healing 


tions of the upper respiratory tract and 
sinus to chronic ulcerated lesions of vari- 


types. In his Dr. Gruskin 


report 
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stated: “It becomes apparent that the 
use of chlorophyll in any acute or chronic 
process has resulted in definite improve- 
ment ”’ 

In 1949 Carpenter (16) reported on 
the use of chlorophyll in the treatment 
of decubitus ulcers, particularly in para- 
He stated: “Cholorphyll de- 
rvative preparations demonstrated tis- 
sue stimulating properties, with 
quent early epithelization not previously 
seen in this particularly slow and indo- 
lent type of uleer if Carpenter also 
noted that “chlorophyll ointment used 
locally as an adjunct to the treatment of 
Varicose ulcers, previously resistant to 


plegics. 


subse- 


all forms of treatment, demonstrates re- 
inarkable therapeutie properties in every 
Instance 

In the British Journal Lancet, Bernard 
Niemiro (55) reported on the healing of 
pilonidal eysts, another link in the evi- 
dence of the ability of chlorophyll to 
accelerate the healing of wounds. As 
Dr. Niemiro points out: “ The effeetive- 
ness of chlorophyll is clearest in calei- 
trant wounds which have a history of 
very slow healing ” 

Ozena. Finocehi (26) reported that 
daily application of sodium chlorophyllin 
In isotonic salt solution to nasal ozena 
caused immediate improvement and 
eliminated the putrid odor of the disease 
The 
characteristic inflammation was reduced 

Hypertension. [n 1932 Dr. Burgi (13) 
published his book entitled 


In ten to thirty days in ten cases 


as 4 Pharmaceutical”, in whieh he 
related his treatment. of 112 patients 
inflicted with hypertension associated 


with arteriosclerosis Burgi included the 
actual clinical cases with descriptions of 


He 


administered water-soluble chlorophyll 


patients before and aftes treatment 


tablets three times daily over | 
from two to six weeks 


eriods of 
Burgi noted that 
in all ten cases u distinet drop in blood 


pressure occurred In most cases the 
blood pressure returned to normal Burgi 
relers to work published by Gsell. 


ee 
| 
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Schroeder and Madison, and by others 
who also have found chlorophyll prepa- 
rations of value in treating hypertension 
In 1931 Angelo (1) reported the re- 
sults of his clinical on chloro- 
phyll. Angelo experimented with 50 
subjects broken up into three groups as 
follows: (sroup 
with normal blood pressure; Group II 
17 blood 


pressure sever? 


studies 


ten convalescents 


patients suffering from high 


arteriosclerosis and 
nephrosclerosis, all of whom had been 
hospitalized disturbances 
23 
patients suffering from high blood pres- 


because ol 


caused by hypertension; Group IT] 


sure, arteriosclerosis and nephrosclerosis 
but in contrast to (iroup Il these 
tients were living a normal 


manner ol 


life in their own home. The experiments 


were conducted by using water-soluble 
chlorophyll which was administered in 
from O.18 
to 1.5 grams per day to the total exclu- 
treat- 
“ By study- 


ing the aetion of ehlorophyllin on the 


an aqueous solution in doses 


sion of other pharmacoiogical 


ments Angelo concluded 
blood pressure of normal and hyperten- 


sive subjects, the following observations 


were made: 1, Chlorophyll is well toler- 
ated and does not produce toxic symp- 
toms even when administered in large 
doses and for several months. 2. It does 
not have any special effect upon the 
blood pressure of normal subjects. 3. In 
hypert sive patients if causes a steadily 
progressive fall in the arterial pressure 


and, the improved condition of the blood 
pressure is accompanied by a feeling of 
well-being ” 

In 1932 Zickgraf (89) reported as 
‘OF the 18 cases treated 


two cases of arteriosclerosis of 


fol- 


lows by 
self, only 
the brain were 


to blood 


not influenced in respect 
\. the effeet of 


chlorophytlin in the case of arterioscle- 


ressure 


rosis, many publications exist. Lowering 
of the blood pressure by widening of the 
ellect 
chlorophyll, strengthening of the 


urterial vessels, long lasting ot 


heart 
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strength, besides the general tonic prop- 


erties of the chlorophyllin, has been 
observed 

Potential Therapeutic Uses. Chiloro- 
phyll compounds which belong to the 
chloro-porphyrins have a very amazing 
property which ean be utilized for their 
future application in therapy 


When injected into test animals with in- 


cancer 


duced and transplanted mammary earei- 


noma or sarcomas, the porphyrins con- 


centrate inthe tumors. These substances 
also concentrate in incised or otherwise 
traumatized parts of the body, accumu- 
lating in the regenerative margins of the 
incisions. This shows that 


growing tis- 


sues and regenerating in 


have a definite affinity for the porphy- 


parts general 


rin-like compounds (25). This fact not 
only offers a key explanation for the 
healing effeet of chlorophyll but has 


some significance for possible application 


of chlorophyll tumor and cancet 
therapy 
The possibilities of cancer treatment 


with chlorophyll have already been in- 
(79) 


Dupont and Duhamel (22) with encour- 


vestigated by Tixiet and also by 


aging results 


Considering the fact that chlorophyll 


derivatives ean easily be labeled with, 


eg., radioactive cobalt, and the ability 
of such strong chelates to accumulate 
in the neoplastic or malignant tissue 


gives this compound strong possibilities 
for use in detection and therapy of such 
tumors 

A further possible field of application 
lor thera- 
peuties stems from the ability of chloro- 


chlorophyll compounds as 
phiy ll to chelate with a number of metals 
Although this reaction takes place most 
bivalent metals, under 


effectively with 


eertain conditions che- 
with 
tained, if 


processing even 


lates trivalent metals can be ob- 


their coordination value is 2 
This makes it possible to produce 
the already 


Zn- he lates 


mentioned Co- 


Au- 


Irom 


chelates or also 


* 


chelates of chlorophyll. Such auroche- 
lates would be very effective in gold 
therapy. 

Gold therapy has been applied sue- 


cesstully not only in the therapy. of 
tuberculosis 
ingly in the treatment of 
thritis (75) In the 
has had the 
causing undesirable 


but quite recently Increas- 
rheumatic ar- 
past this therapy 
disadvantage of sometimes 
How- 
ever, a chelating agent like the porphy- 
rn ring 


side effects 


releases its metal atoni very 
slowly, and local over-concentration can 
be avoided. In years this 
type of therapy has become increasingly 
(83); it 
tended to the therapy of lupus sepsis and 
syphilis 


static activity experienced it is applied 


thus recent 


common has lately been ex- 


Because of the st rong bacterio- 


ulso to streptococen|! ol pheumococeal 
Intections 

As a furthe) development, the atte 
could be made to synthesize halo nated 
chlorophyll chelates, e.g., chlorinated 
iodized Cu- and/or Co-chlorophyllins 
The therapeutic value of such organic 
iodine produets was recognized recently 
in the treatment of rheumatic arthritis 

Analogous iodine-chlorophytlins as Cu- 
or Bi- 
disease and cancer treatment have been 
claimed by Melzer in a German patent 
(51) 

Deodorant. 


chelates in treatment of heart 


One of the most outstand- 
ing contributions to clinical practices hits 
been chlorophyll's remarkable efficiency 
in deodorizing foul smelling lesions. sueh 
as chronic 


osteomyelitis, chronie leg 


ulcers, infected compound fractures, dee 


sinus tracts, decubitus uleers and lung 
abscesses It is believed that cholor- 
phyll’s deodorizing action in the depth 
of a wound where odor-producing anae- 


robes thrive is analogous to. its 


action in plant metabolism. In 


may 
a wound 
where suppuration is present chlorop| vil 
may, through the break-down of earbon 
dioxide and liberation of oxygen, de prive 


the anaerobes of the environment. re- 


CHLOROPHYLL 


DERIVATIVES o7 


27 
quired for their survival. In this con- 
nection, a lew years ago, there appeared 
in sclentifie Journals several papers indi- 
cating chlorophyll to possess remarkable 
deodorizing properties These papers 
evidence to substantiate the 
claim that chlorophyllin, when taken in- 
ternally and in adequate quantity, re- 
duees or eliminates offensive body and 
breath 


contain 


odors. Immediately after the 
appearance of these contributions com- 
mereial chlorophyll deodorant products 
were presented to the public. These in- 
itial products were effective as internal 
deodorants but only when taken in ade- 
quate quantity. Soon after the appear- 
ance of these first products, chlorophy|| 
Was seized upon by the promotion and 
advertising men who, in most Instances, 
have completely distorted the lucts ol 
chlorophyll and 
type of 


Incorporated it 
product ranging from 
toilet paper to hair restorers and ferti- 
lizers, with 


Into 
every 
claims for sueh products 
hacked only by the combined dreams of 
these same men Because of these un- 
founded, Jantastic and sometimes coll 
pletely idiotie claims made for chloro- 
phyll, some of the buying publie has 
become skeptical of chlorophyll all 
capacities, and they are eyeing all green 
products with an equally bilious eye 
Beeause of this skepticism It Is essential 
that the faets of chlorophyll as a deodor- 
ant be reviewed 

In Mareh, 1950, Dr I 
eott (85) reported 


started 


Howard West- 
“In 1941, our studies 


were with various fractions of 


water soluble chlorophyll to find an ad- 
junct in the treatment of hyperchromie 


secondary anemias. Experiments wer 


carnied out on white mice and guines 


pigs tor one year After proving conelu- 


sively that our fractions were non toxic 


as well as hematopoietically effective. we 
studied various types ol secondary nu- 
tritional anemias in humans During the 
course Of our studies in human anemias 
we had oeeasion to 


note that the odors 


| 

err 

te 
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of foods and Vitamin B,, usually detect- 
able in urine, were greatly decreased 
when patients were taking our specially 
prepared chlorophyllins. This definitely 
indicated that some change in the me- 
tabolism of these odorous compounds 
was taking place and led us to study its 
effect on perspiration and body odors 
Preliminary studies indicated that the 
water soluble chlorophyllins effectively 
reduced or eliminated the odor of benzy! 
mereaptan, acid and tri- 
methylamine. Preliminary ‘in vivo’ 
tests were run on persons with nursing 


thioglycolic 


or medical backgrounds who could prop- 
erly evaluate the clinical effects of this 
substance on body and breath odors. A 
physician and four nurses were trained 
to use the osmoscope until their results 
Following this test period 
was 


were constant 
the group given increasing 
doses of specially prepared chlorophyl- 
lins and readings were taken 24 hours 
after a bath” 

The results of these tests showed that 
specially prepared chlorophyllins reduced 
detectable under-arm odors from 56 to 


100% in all five patients within seven 
hours and were effective as long as 18 
hours in doses from 65 to 200 mg. To 


confirm these tests, a group of 12 college 
girls, including four negroes and eight 
white girls, were given these same tests 
for several days in succession while run- 
ning experiments on the effect of the 
chlorophyllins on breath odors. One tab- 
let, containing 100 mg. of the extract, 
was taken in the morning before mois- 
ture had a chance to dry on the skin 
the perspiration odor was not 
detectable in over 90% 


surfaces; 
of the eases and 
Dr. West- 


‘Since these con- 


barely detectable in one case 
cott went on to say 
over 50 more individuals 
have the tablets and re- 
quested to report their own objective ob- 
effect. To date, there 
favorable from over 
90% of the subjects from individual ob- 


trolled studies, 
been given 
servation on its 


have been reports 
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servations on the relief of body odors. 
The dose needed has been 100 mg. daily, 
usually taken at breakfast or immedi- 
ately thereafter”. This shows that the 
specially prepared chlorophyllin tablets 
taken by mouth are effective in neutral- 
izing the obnoxious odors of the body for 
perspiration, and the effect lasts 18 or 
more hours. To test the efficiency of the 
specially prepared chlorophyllins on 
known breath 12 subjects were 
given varying doses of grated onion or 
onion juice by mouth. Tests were run 
at 30, 60 and 120 minutes to observe the 
speed of deodorization. Sixty-two to 200 
ing. of the specially prepared chloro- 
phyllin powder were allowed to dissolve 
in the mouth, followed by swallowing of 
the residue, The results are summarized 
as follows: 


odors, 


a) When onion is chewed, then swal- 
lowed, the specially prepared 
phyllin tablets chewed 15 minutes later 


chloro- 


caused an immediate cleansing of the 
breath returns as 
soon as residual particles of onion re- 


The odor of onion 
maining in the teeth crevices are digested 
and release more volatile oils 

b) When onion juice was used and no 
particles remained in the teeth to pro- 
the 
odor was barely detectable by direct 


duce later decomposition products, 


smelling after two hours in one case, 
absent in four and definitely present in 
seven Cases, 

c) A similar study wes made except 
that a mouth wash of specially prepared 
chlorophyllins in solution was used im- 
mediately after taking onion juice; re- 
sults were more satisfactory and showed 
with 
after 


an immediate decrease in odor 
osmoscope readings from 256 to 27 


five minutes 


This study reveals that the odor of 
onion remaining after eating solid onion 
is due to particles remaining in the teeth 
Careful rins- 
ing of the mouth with the specially pre- 


and crevices of the mouth 


. 
: 


CHLOROPHYLL 


pared chlorophyllin solution or dissolv- 
ing a tablet in the mouth would make it 
more permanent, but it is effective only 
if the mouth is cleansed. 

Summarizing Westcott’s experiments 
with specially prepared cholorphyllins, 
the following claims can be substanti- 
ated: 


a) Chlorophyll fractions used in these 
tests are entirely non-toxie and suitable 
for human ingestion. 

b) In vitro experiments have shown 
their effectiveness in deodorizing mal- 
odorous substances of neutral, acid or 
base reactions. 

c) In vivo, they effectively neutralize 
obnoxious in the mouth from 
foods, beverages, tobacco and metabolic 


odors 


changes. 

d) They effectively neutralize the ob- 
noxious perspiration due 
physical exercise, nervousness and_ ill- 
obnoxious menstrual 
odors, many urine odors and that of in- 
gested materials, 


In November of 1950 a report by 
Royal M. Montgomery and Henry B. 
Nachtigall (53) that water- 
soluble chlorophyllin, when given in dos- 
ages of 200 mg. daily, effectively reduced 
noticeable underarm odor in both indus- 
trial workers and in athletes 
They also found that the chlorophyllin 
in doses of 300 mg. daily reduced the 
odors from pathologie conditions. In 
their first experiment a group of 25 em- 
ployees from a large New York indus- 
trial plant Was selected to represent the 
usual activity of the working person. A 
second group of 20 college athletes from 
a large university was selected for the 
study of perspiration odors of persons 
after vigorous exercise. A third group 
of selected cases was chosen to demon- 
At 
noon of the first day of testing, a control 
reading of underarm odor was obtained 


odors of to 


ness, foot odors, 


college 


strate odors due to various illnesses. 


by use of the osmoscope. The average 
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reading for the 25 employees was 2.3 
Two 100-mg. tablets of chlorophyllin 
were given to each individual, one to be 
taken before retiring, the other after 
breakfast the next day. At noon on the 
second day the average reading for the 
entire group was 0.5. This represented 
an approximate 30% drop in 24 hours in 
measurable underarm odor following in- 
gestion of 200 mg. of chlorophyllin. The 
dose was doubled the next day, the two 
100-mg. tablets to be taken at night and 
two after breakfast the next day. At 
noon of the third day the average read- 
ing for the entire group was 0.2. This 
represented 91% decrease in measurable 
underarm odor for an accumulated dose 
of 600 mg. of chlorophyllin in 48 hours 
Following this noon reading the distri- 
bution of tablets was altered without the 
knowledge of the testing group. Eleven 
individuals were given six 100-mg. chlo- 
rophyllin tablets, while the remaining 14 
employees were given six placebo tab- 
lets. The routine method of ingestion 
was unchanged, one tablet at night with 
one tablet after breakfast the next day 
This was sufficient for three days. At 
the sixth day were 
taken of the two groups 


noon readings 
Group one of 
11 subjeets with an accumulated dose of 
1.200 mg. chlorophyllin in 144 hours 


showed practically a total reduction of 


of 


underarm odor too faint for actual meas- 
ure Group two of 14 subjects who 
started with a 48-hour administration of 
chlorophyllins, but then were placed on 
a three-day placebo replacement, showed 
an average reading of 1.8 or a 75% re- 
turn of the original degree of measurable 
underarm odor. The 72-hour period of 
placebo intake was estimated as being 
sufficient for elimination the 
ously ingested 600 mg. of chlorophyllins 
by members of this group 

A group 20 basket ball 
players were tested by two physicians 
the Fair-Wells 


Control were 


of previ- 


of college 


using metal OsTHoOscope 


tests done for the normal 


— 
Ls 
‘ty, 
4 
4 


30 
readings at 2:00 p.m. after their usual 
classroom work, and a second reading 
immediately after at least one hour of 


basketball] All the 
subjects were perspiring profusely at the 
second reading. About 20 res dings were 
made on each subject during the study 


strenuous practice 


After taking their normal reading, which 


was used as the control, each athlete was 
instructed to shower, uring plain white 
soap, and to wear cleap underclothes for 
each two-day period. They were given 
clean gym suits at the beginning of each 
two-day test to avoid accumulated per- 
spiration odors 


student 


For the first two days 
took a 100-mg. tablet of 
chloropiyllins at breakfast. At 2:00 
on the second day the OSTHLOSCOPIC 


each 


readings were made. Readings for these 
tests were obtained as previously de- 
After one hour 
ol strenuous exercise the readings were 
On the third and fourth 
dosage was increased to 200 
mg. of chlorophyllins. At breakfast 100 
mg. were taken and the other 100 mg. at 
noon 


scribed from the armpits 


taken again 
days the 


For the 96-hour period the ae- 
cumulated dosage was 600 mgs. The 
dosage was reduced on the fifth and sixth 
days to 100 mg. taken at breakfast. The 
accumulated dose for the six-day period 
was 800 mg 

The average reading for the 20 ath- 
letes before ingestion of specially pre- 
pared chlorophyllins was 1.5. Following 
one hour of strenuous exercise this read- 
ing rose to 3. After 48 hours of medi- 
cation the osmoscopic reading was 0.9, 
before exercise, a 40 percent decrease in 
measurable underarm Following 
one hour of basketball the 
moscopic reading was 1.2, 


a decrease of 
60 percent from the control reading of 3 

After 96 hours of medication with the 
accumulated dosage of 600 ing. of chloro- 
phyllins the reading before exercise was 
0.15 and that taken after exercise was 
03 Both were reduced 90% 
pared to the controls 


iis 
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The readings taken 144 hours after the 
ingestion of a total of 800 mg. of chloro- 
phyllins showed that the 
measurable underarm odor before exer- 
76% and after 
The osmoscope readings were 0.36 


decrease in 


cise 
and 0.5, respect ively. 


Wis exercise Wis 


To further prove the effectiveness of 
chlorophyllin, the basketball players 
were divided into three groups for a two- 
Group | was given 200 
mg. daily of raw chlorophyll; Group 2 
Was given 200 mg. daily of a copper salt 
of chlorophyll; and Group 3 was given 
nothing 


day test period 


The group which received natu- 
ral chlorophyll showed a greater increase 
The 
group given chlorophyllins showed a de- 
creased underarm odor before and after 
vigorous basketball exercise. A redue- 
tion of chlorophyllins to 100 mg. daily 
on the 5th and 6th days instead of 200 
mg. resulted in a slight increase of meas- 
urable body odor. In the third experi- 
total of nine included a 
hemoplegie with a large varicose ulcer; 
an 83-year-old female with large deecubi- 
tus Negro with chronic ne- 
phritis; a woman with 


of measurable underarm odor 


ment a 


ulcers; a 
a large necrotic 
her knee; a woman 
with gangrene of the toe; a man with 
chronic hepatitis; and a 74-year-old lady 
with hemiplegia and inoperable cancer. 
A physiotherapist who had a body ddor 
following daily exercise was also in- 
cluded. The odors were all greatly de- 
creased except in the case of the radia- 
tion ulcer. 

In Mareh of 1952, Dr. John A. Killian 
(42) reported to the Society of Cosmetic 
Chemists the results of five series of ex- 


radiation ulcer on 


periments designed for in-vitro testing of 
deodorants. He summarized as follows: 
“ Results of these assays have demon- 
strated that natural chlorophyll and its 
water soluble derivatives, sodium mag- 
nesium and sodium copper chlorophyllin, 
exhibited maximum efficiencies 
odorants for test conditions in which the 


as de- 


ted 
oe 
jth 
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odorous compounds in the vapor phase 
are exposed to either the natural chloro- 
phyll or the combination of ehlorophy!- 
lins a and b in solid phases. In order to 
eradicate odors arising from surfaces of 
soluble matter it is that the 
chlorophyll derivatives be either water 
soluble or dispersable in colloidal form in 
the liquid to which it is added. The de- 
odorant capacities of water soluble chlo- 
rophylls a and 6 are dependent upon the 
base acid balances of the solutions of the 
The chlorophyliins exhibit de- 
odorant actions on the neutral or alka- 
line solutions 


essential 


odors. 


The range of base acid 
balanees which are optimum for deodor- 
ant effeets of the chlorophyllins is indi- 
cated by levels of pH between 8 and 
10.5. Even weakly acid solutions inhibit 
the deodorizing actions of chlorophyll. 
Water soluble chlorophyllins a and b 
added to malodorous samples of perspi- 
ration effect prompt 
perspiratory odors 


eradication of the 
At the time, 
the chlorophyll derivatives exhibit anti- 
bacterial action. In one series of tests 
0.100% of chlorophyllins added to the 
samples effected «a reduction of more 
than 99% in the numbers of viable bac- 
teria in stale perspiration. In addition 
to their deodorizing actions, the chloro- 
phyllins, added to fresh samples of per- 
spiration, inhibit the development of 
perspiratory odors under conditions of 
storage which are optimum for the pro- 
duction of obnoxious odors ” 


The series of experiments which have 
been cited in the preceding paragraphs 
exemplify the type of problems to which 
in-vitro methods of testing may be 
adapted and concerning which the intel- 
ligent utilization of procedures 
may yield basie information of practical 
value, particularly in formulation of de- 
odorant preparations. However, limita- 
tions of in-vitro techniques necessitate 
the adoption of in-vivo methods for pur- 
poses of either evaluating the deodorant 


efficiency of the final product or in com- 


these 
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parative studies of two or more prepara- 
tions on the market. 


Dr. Serling, of Serling Laboratories, 
Ine., Larehmont, New York, indicated 
in 1950 (71, 7la) that chlorophyllins 


when incorporated into dog feed success- 
fully eliminated or reduced unpleasant 
Dr 
Serling ran tests on dogs with a variety 
of breath and body odors, using chloro- 
phyllin tablets, and discovered that the 
odors were greatly reduced in a very 
short time. His early research was fol- 
lowed by further studies for the Quaker 
Oats Company which involved months 


breath and body odors in dogs 


of feeding tests on all types of dogs, 
breeds, ages and with a variety of offen- 
In 1952 Dr. F. N. Peters (59), 
Research for the Quaker 
Oats Company, was quoted as follows: 
* Dog chlorophyllin 
works fastest on breath odor, which is 


sive odors. 
Director of 


food containing 
usually improved in three to six hours. 
In 
most Cases an improvement in body odor 
is shown in six hours, although this may 
require as high as 24 hours. Both breath 
and body odors continue to diminish 
with additional feedings until they finally 
reach an irreducible minimum. Another 
advantage is that the objectionable ‘ wet 
dog’ odor of a dog that has been in the 


Then its effeet on body odor begins. 


rain, or been given a bath, is usually 
eliminated, So, too, usually is the odor 
of an unhealed wound”, Among other 
interesting cases reported by Dr. Peters 
was that of a dog with no noticeable 
body odor itself, but which left an objee- 
tionable odor after sleeping on furniture 
or hed 
this completely 


The deodorant food eliminated 


In our own laboratories extensive tests 
involving 


many dogs have been con- 
ducted Sodium magnesium  chloro- 
phyllin, sodium copper ehloroplyliin, 


magnesium-free pheophytin, alkali hy- 
drolyzed alfalfa meal and several chloro- 
phyll-containing 
have been tested 


commercial products 


It was found that 27 


= 
‘ 
Ye 
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mg. of sodium sodium 
copper chlorophyllin per dog a day re- 
sulted in either elimination or substan- 
tial reduction in their odor (body and 
breath). It was also noted that 100 mg. 
of sodium copper chlorophyllin given to 
each dog per day did not reduce the odor 
any faster nor to level than 27 
mg. of sodium copper chlorophyllin A 
commercial product containing sodium 
magnesium chlorophyllin was also effec- 
tive. Natural chlorophyll (oil-soluble) 
was not effective under our conditions 
Hydrolyzed alfalfa meal, regardless of 
the quantity given, was ineffective. In 
all experiments where the product showed 
deodorant activity it was noticed that 
the effect became apparent the second 
day after treatment 


magnesium or 


a lowe! 


In most instances 
there appeared to be a general reduction 
in odor for a period of five or six days 
Thereafter the odor appeared to level off 
with no further reduction. We believe it 
was significant that after we had deodor- 
ized a group of dogs they were taken off 
the chlorophyll treatment. The contro! 
(receiving no chlorophyll) group used in 
the previous experiment was then given 
the chlorophyll. As would be expected, 
those dogs receiving no ehlorophyll in- 
creased significantly in their odor, 
whereas the control dogs were reduced 
in their odor intensity. In all our ex- 
periments the odor intensity was investi- 
gated in duplicate; usually the second 
experiment Was from 
weeks after the first experiment had been 
completed 

In December of 1952, Joseph W. E 
Harrison (36), of the Wall and Harrison 
Research Laboratories, Philadelphia, and 
the Department of Pharmacology, Phila- 
delphia College of Pharmacy and Sei- 


run one to two 


ence, reported the following: 


“a) A practical method has been de- 
seribed to evaluate the effect of deodor- 
izing agents on the breath, which assimi- 
field 


lates conditions with maximum 
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possible standardization. The odor sensi- 


tivity and olfactory fatigability of the 


evaluating judges was constantly tested 
to maintain control. The reproducibility 
of results obtained with this method is 
illustrated in a series of experiments on 
the effect of the water-soluble chlorophy!! 
preparation which has been a collective 
investigation conducted by our four re- 
search groups; all groups took part in 
every phase of the study. 

b) Application of this method to prod- 
ucts such as chewing gum or lozenges 
containing water-soluble chlorophyll has 
established the following: A. The use of 
flavored gum containing four mg of 
water-soluble chlorophyll effectively re- 
duced breath odor following ingestion of 
onions or beer or from smoking ciga- 
rettes. B. The use of a flavored gum 
containing a water-soluble chiorophy!l| 
breath more effectively 
than does the use of a flavored gum 
without chlorophyll. C. The use of an 
unflavored gum containing chlorophyll 
reduced breath effec- 
tively than does the use of an unflavored 
gum without chlorophyll. D. Lozenges 
containing the same quantity of water- 
soluble chlorophyll are likewise as effee- 
tive. This group studied the effect of 
chlorophyll on onion, tobacco and beer 
breaths with satisfactory results in all 


reduces odor 


also odors more 


instances ” 


The foregoing literature citations un- 
questionably show chlorophyll deriva- 
tives to be effective deodorants when 
taken internally in doses of 100 mg. or 
over per day. 
we have analyzed many deodorant tab- 
lets, chewing gums and lozenges now 
being distributed. We have found that 
many of these chlorophyllin-containing 
products cannot be of value as a deoder- 


In our own laboratories 


ant because of their low chlorophyllin 
content. We have found certain chewing 
gums to contain from only a trace to five 
mg. per stick. One well known cough 


drop contained only 0.242 mg. per loz- 


7 


CHLOROPAIY LL 


enge. Another lozenge contained 1.38 
mg. chlorophyllin, another as low as 0.1 
mg. per lozenge. 

Such concentrations of chlorophyllin 
in these products certainly have rendered 
them of little or no value as deodorants, 
and until chlorophyll-containing deodor- 
ant products are made that do contain 
enough active agent to substantiate the 
claims made for them, the buying public 
as well as the scientist will remain skep- 
tical of their value. 

Oral Hygiene. In 1940 Dr. Gruskin 
reported (33) that chlorophyll prepara- 
tions helped to control successfully such 
mouth Vincent's Angina 
and advanced pyorrhea. Following this 
lead, Goldberg tested water-soluble chilo- 
rophyll derivatives in solution and oint- 
ment form on a series of 300 cases of oral 
reported his work in the 
American Journal Surgery during 
1943. On the basis of his findings he 
came to the conelusion that chlorophyl! 
is almost a specific against the organ- 
isms responsible for Vineent’s Stoma- 
titis (trench mouth) ‘because it regularly 
brought 


infections 


us 


disease and 


of 


about complete recovery and 
much more promptly than any other 
agents. In pyorrhea the use of these 
products resulted in tightening of the 
teeth, cessation of bleeding of the gums 
and new tissue growth. Disorders due 
to anaerobic infection rapidly in- 
variably disappeared with a few appli- 
cations of chlorophyll. 

Perhaps the study of 
chlorophyll in dental hygiene was made 
at Boys Town Clinic, Boys Town, Ne- 
braska, and reported by MeDonnall and 
Domalakes (49) in 1952. The study 
was conducted on 589 of the boys living 
in Boys Town. They were divided into 
three groups without selection, and ac- 
cording to ages only, so that a compara- 
ble distribution would result. One group 
Was given an essentially neutral denti- 
frice containing 
phyllins, another was given an alkaline 


most recent 


water-soluble chloro- 
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dentifrice containing water-soluble chlo- 
rophyllins, and the third group was given 
a control dentifrice, containing no chlo- 
rophyll. At the time of each examina- 
tion the examiner did not know nor in- 
quire as to the nature of the dentifrice 
used by each boy. The primary purpose 
of this investigation was to determine 
the influence of tooth brushing with den- 
tifrices containing water-soluble chloro- 
phyllins upon the course of “ gingivitis ”. 
They coneluded as follows: The effects 
of brushing with three different denti- 
frices upon gingivitis was studied in a 
group of 589 boys, ages 10 to 18 years, 
living in Boys Town. This group showed 
an unusually high degree of gingivitis 
before the study was initiated. The 
amount of gingivitis was greatly reduced 
after two months of regular and routine 
A further but 
lesser reduction in gingivitis was achieved 
after additional 
brushing. The reduetion in gingivitis 
occurred more rapidly in the two groups 


brushing twice each day 


an seven months of 


using the dentifrices containing chloro- 
phyllin than in the group using the non- 
chlorophyll dentifrice. At the end 
two months brushing, the reduction in 
gingivitis was 70% and 58% 
former groups and only 28% in the 
latter. At the end of nine months the 
reduction in gingivitis was similar in all 
three groups, 82%, 77% and 68%. At 
the end of two months of brushing the 
scores Of the boys using the chlorophyl| 
dentifrices was significantly lower than 
the seores of those using the non-chloro- 
phyll dentifrice the end 
of nine months these differences were re- 


of 


in the two 


However, at 


duced and were statistically not signifi- 
cant. It was concluded, therefore, that 
the reduction in gingivitis was signifi- 
cantly accelerated in the groups using 
the dentifrices containing chlorophyllin 
during the two-month period but that 
continued use resulted in no advantages 
over the non-chlorophyll dentifrice 
These findings substantiated 


were by 


+ 
- 
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analysis of the frequency distribution of 
the number of persons with no gingivitis, 
mild, moderate and severe gingivitis be- 
fore and after brushing. 
boys with no gingivitis 
Vitis while 


The number of 
and mild gingi- 
the number with 
high, moderate and severe gingivitis de- 


increased 


creased more rapidly in the groups using 
the dentifrices containing chlorophyll 
than in the group using the control non- 
chlorophyll dentifrice At the end of 
two months the difference was marked. 
After nine the difference 
negligible. The above findings were sub- 
stantiated further by analysis of the 
number of boys who improved or became 
At the of months a 
greater percentage had improved in the 
groups using the dentifrices containing 
chlorophyllin than in the group using the 
non-chlorophyllin dentifrice. After nine 
months brushing, differences 
were less prominent. Very few failed to 
improvement in gingivitis after 
nine months of brushing. No significant 
differences in the effects of gingivitis 
were observed between the two types of 


months Was 


worse end two 


of these 


show 


chlorophyllin dentifrices vsed the 
study, 
Toxicity. By far the most common of 


the chlorophyll compounds employed in 
the treatment of internal lesions has been 
sodium copper chlorophyllin 

per salt the advantage 
stable, water-soluble and easy to manu- 


This cop- 


has of being 


facture. Chemically the compound be- 
longs to the chlorin system. 

The fact that copper is in general a 
cumulative toxie agent for the human 
body aroused some thoughts 
the harmfulness of its chlorophyll com- 
pounds if taken uneontrolled in large 
quantities. This recently was pointed 
by Dr. Corwin of Johns Hopkins 
University 


has of 


out 


Although the danger of copper poison- 
ing is not so acute as suggested by Cor- 
win especially elinicaily 
treatment, the fact that 


controlled 
in a longer 


| 
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treatment some damage to liver function 
could occur, seems to suggest that other 
chlorophyll derivatives with a different 
metal atom as chelating agent would be 
more desirable 

That the chlorophyllins are of low tox- 
icity has been amply demonstrated. For 
example, Edward Rentz (61) injected 
0.001 to 04 gram per kilogram of body 
weight of sodium chlorophyllin subeu- 
taneously into rabbits with no adverse 
effects; and Angelo (1) administered in 
aqueous solution doses from 0.8 to 1.5 
grams of sodium chlorophyllin to hwman 
subjects per day with no adverse effects. 

Dr. G. Zickgraf (89) reports that 
natural ehiorophyll, due to its waxy 
nature, cannot be considered for paren- 
teral application; only the water-soluble 
chlorophyllins can. The dosage for sub- 
cutaneous injection was determined after 
many experiments to be an optimum at 
0.5 mg. single doses daily or three times 
weekly, according to the condition of the 
He further: “For eight 
months I have treated a great number of 


cane, states 
sick people with chlorophyll injections 
and have obtained remarkable results ”’. 

Robert Dupont and Gaston Duhamel 
(22), in doses of one to 109 mg., injected 
chlorophyll derivatives intravenously or 
into the tumors of cancer patients with 
no adverse effects. 

Bollman Sheard (10) injected 
sodium chlorophyllin intravenously into 
dogs with no adverse effects 

In his “Chlorophyll as a Pharma- 
ceutical” (13), Burgi mentions that 
chlorophyll administered orally in doses 
of one to two grams was without effect, 
and he states that he had never been 
able to produce an injurious effeet upon 
rabbits in this manner. 


and 


No toxic symp- 
toms resulted from subcutaneous injec- 
tion of 0.2 to one gram of sodium chloro- 
phyllin per kilogram of body weight and 
the same applied to 0.1 and 0.4 given by 
intramuscular injection. However, death 
occurred intravenous 


from of 


injection 


Be 
| 
: 
i 
ee 
he 
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0.125, 0.13 and O15 gram of sedium 
chlorophyllin; 0.12 gram produced toxie 
results but the animal recovered: 0.1 
gram Was ordinarily borne without pro- 
ducing toxic symptoms. He states fur- 
ther: “ Very likely, it would be possible 
also to discover toxie doses for subcu- 
taneous and intramuscular application 
but the quantities 
given would have to be greatly increased. 
The same applies even more to adminis- 
tration by mouth ”, 

Buttitta (15) reported that subcutane- 
ous Injection of 2 mg. of sodium de- 
rivative of chlorophyll into normal ner- 
sons slightly diminished bleeding time 
und the time required for the quick test, 
and markedly diminished the eoazula- 
tion time of blood. This would indicate 
that 2 mg. at least can be tolerated by 
the human being. 

In 1944 Smith (72) reported on the 
administration of massive doses of water- 
soluble chlorophyll to rabbits orally, 
intraperitoneally, subeutaneously and 
intravenously, with no toxic effect what- 
ever. Regardless of the size of the dose, 
there was no elevation of temperature 
and no impairment of physical activity. 
There was complete absence of any toxic 
effect in guinea pigs, dogs, rats, eats and 
mice when these animals were given the 
chlorophyllin solution 


of very large doses; 


same intrave- 
nously. 

In our own laboratories rats have been 
injected with large doses of the following 
compounds: sodium magnesium chloro- 
phyllin, sodium copper, zine, niekel and 
cobalt chlorophy}lins, and, while the ani- 
mals took on a green coloration which 
Was apparent in almost every organ of 
the body, none of them died, and the 
green coloration disappeared on with- 
drawal of the treatment. It was signifi- 
that the chlorin-e metallo 
pounds imparted a green color to the 


cant conhi- 
animals, while the same metallo com- 
pounds of the less basie chlorins f and g 
did not color the animals. 
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Rothemunde (f3) that 300 
milligrams per day cf porphyrin has not 
been found to be toxic. In fact, using 
the tetra derivatives, he administered so 
much of it to rats that their ears turned 
green and yet no death oeeurred. But a 
massive dose injected in the dark, fol- 
lowed by exposure to light, proved fatal 

Smith (72) also reported that when 
240 of a 2% solution 
chlorophyllin was given orally for three 
days to a normal, healthy, udult male 
there were no subjeetive or 
symptome except for a slight increase im 


states 


ee, aqueous of 


objective 


bowe! evacuation, the stool being slightly 
softer than normal and somewhat dis- 
colored by the drug. In the same paper 
Smith reportea on the treatment of two 
cases Of sub-acute bacterial endoearditis 
with intravenous administration of 500 
ee. of 0.5% ehlorophy!l solution daily for 
eight days with no resuiting toxie symp- 
tums or systemic reaction to the drug 

In the literature citations 
the failure to properly identify the spe- 
cifis chlorophyll derivative with which 
the experimental work was conducted, is 
indeed apparent. failure un- 
doubtedly partially responsible for the 
Variations in the effieaey of chlorophyll 


loregoing 


is 


“uch 


as a therapeutic agent, as reported in the 
literature. Recent studies in both Japan 
(54) and Europe (84) indicate that the 
chlorophyll derivatives chiorin-ey, chlo- 
rin-f, chlorin-g and the purpurins are the 
therapeutically saetive compounds. If 
such proves to be the ease, the pros and 
cons for the effieaey of chlorophyll may 
be easily explained by the failure of the 
producers of chlorophyll to manufacture 
a commercial product consistent in its 


content of the therapeutically active 
chlorophyll derivatives. 
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they 


weaving, the weft 
which 


spool 


ning 


warp 
known as i 


encased in a boat shaped ' 


at consider ible speed 


ire made of wood, as usually are. the 
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ness, strength and toughness, and especially 
of the ability to remain smooth under con 
stant Imetion In Murope boxwood (Burus 


sem has hong erved this purpose 
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Abstract 

ind in the United St ites, two native woods 

supply the needs and have even been ex 


ported to Europe for such use in competition 
They 
eent species of dogwood (Cornus 
the East, C, Nuttallii on the Pacifie Coast) 
ind persimmon (Diospyros virginiana). In 


with boxwood are the two arbores- 


florida in 


uldition, hard maple (Acer saccharum and 
1. ngrum), Pacific madrone (Arbutus men 
viesii) and the five native of bireh 
(Betula lutea, B. lenta, B mgra B papy 
rifera, B populifol a) have been used for the 


species 


ime purpose, but not to so exclusive a de 


is dogwood, WOO, ot the eut going into 


shuttles HLF.) 


gree 
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Caranday—A Source of Palm Wax' 


Millions of these palm trees in the Gran Chaco of central 
South America, occupying parts of Argentina, Bolivia 
and Paraguay, offer an unexploited commercial source 
of a hard vegetable wax, potentially as great as that of 
carnauba palm in northeastern Brazil. 


KLARE MARKLEY 


Institute of Inter-American Aflais Asuncion Paraguay 


Introduction and fierce winds which dry and pareh 
the soil to an extent that few plants are 
able to survive. The period of drought 
in Ceara may last for a year and some- 


There exists in Paraguay a species of 
waxy-leaf palm, commonly referred to 
as “caranday (Copernicia australis 
Bece.), which in many respects is similar “Mes longer. The earnatiba palm is able 
to the earnatiba palm (Copernicia cerif- to exist in such an unfavorable environ- 
era Mart.) of Brazil. Both palms elabo- 
rate waxy coatings which reflect their 


respective environments. At first thought 


ment by virtue of the fact that it pos- 
sesses an extensive root system highly 
adapted to garnering during the dry sea- 
it would not seem that two such widels son the little available water, and be- 
separated regions as the sertio plains of of its ability to elaborate an 
northeastern Brazil and the Gran Chaco extremely effective protective coating 
would have much in common. To some AYMINSE EXCESSIVE evaporation ol water 
extent this is true, but certain geographic through its leaves | Phis protective cout- 
and climatic similarities can be observed 1!" 18 the souree of the carnatba wax of 
which are sufficient to account for the 
elaboration of the waxy coating in the 


palms that are indigenous to each region 


commerce 

It has heretofore been believed that 
only in northeastern Brazil could there 
he found sn environment and a palm 


The carnatiba palm, whieh is the 
such iis have just been deseribed llow- 


source of the carnatba wax of commerce 
is found principally in northeastern Bra- 
zil in the States of Ceard, Piaui, Rio 
Grande do Norte, and Maranhao, Al- northeastern Brazil, and the millions of 
though the palm is numbered in the mil- 
lions and is found throughout an area of 
about one and one-half million square 
miles, the wax industry is centered in the 
States of Ceara and Piaui. The natural 


ever, portions of the Gran Chaco ean be 
compared with the sertio plains of 


caranday palms in that area ean be com- 
pared with the carnatiba palm. The pri- 
mary difference is that normally the 
periods of drought are shorter in. the 
Chaco than in nertheastern Brazil, and 


habitat of the palm is an area subject to uritil about a deeade ago the caranday 
torrential rains and floods during «a part palm Was not recognized as a commercial 
of the yeur, followed by scoreling heat source Of hard voy table alae potentially 
as great as the ecarnatba palm 


! Reprinted from the Journal of the Ameri- Like the sertio plains of northeastern 
can Oil Chemists Society 30: 309-313. 1953 Brazil. the Gran Chaco comprises a& Vast 
revisions by the author and the  omi-arid plain devoid of major 

2 Present address: LILA.A., Foreign Opera- ‘topographic features. This vast plain 
tions Administration, Rio de Janeiro, Brazi extends from the west bank of the Rio 
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Paraguay to the eastern foothill of the 
Andes and from the Rio Salado in Ar- 
gentina to the Santa Cruz plains in Bo- 
livia, parts of 
Paraguay and Bolivia 


Argentina, 


The Chaco is essentially a low-lying 


Typ al caranday aust ali 
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country of little elevation and less relief, 
and large areas are therefore inundated 
during the rainy season or are flooded by 
the rising Paraguay and its tributaries 
which back their waters into the low- 
lands. In contrast to the uniformity of 
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extends into neighboring Argentina and Bolivia 


relief, the surface soils display consider- 
able diversity, owing to varying dis- 
tances from the rivers and the nature of 
the underground drainage. In general, 
the soils vary from fine sands to heavy 
clays which are often impregnated with 


mee OFFICE OF CULTURAL MEL ATIONS 


Fic. 2, Map of Paraguay, showing the portion of the country covered by the Chaco which 


salts during the periods of drought. 
North of the Rio Pileomayo and west of 
the Paraguay for a distance of 400 miles 
no stream has carved «a channel in the 
recent alluvial sediments. Only sluggish 
meandering and ill-defined streams drain 
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During the 
rainy season (November to April) the 


the rainfall from this area 
(Chaco receives 20 to 55 inches of rainfall 
which floods vast areas and converts it 
into a lake-dotted land. This is followed 
by a season of desiccation (May to Oc- 
little falls, lakes and 


water holes dry up or become saline, and 


tober) when rain 


the meandering streams become mere 
ribbons or dry beds 

The Gran Chaco lies approximately 
between 20° and 30 


its climate is therefore subtropieal to 
| 


south latitude, and 


tropical with considerable variation in 


temperature In the southern portion 
lreezing 
in winter, while in the northern portion 


Muaxi- 


consider- 


temperatures are near 
lrosts are practically unknown 
summer temperatures are 
in excess of 100° I 
110° in the 
changes in temperature 
rapid and 
changes in winds from the hot north to 


ably and may be as 


high as northern 
sudden 


from the 


portions 
result 
rather frequent 
the chilling south 


Qwing to the variation climate 
soils and drainage, the natural vegeta- 
tion of the Chaco is unusually 
form At varying found 


scrubby and thorny bushland (monte) 


non-unl- 
intervals are 


grasslands (campo), palm groves (pal- 


mars), hardwood dicotyledonous forests 


(monte duro) and swamps (esteros) 
The extent of each of these varies from 
small patches or islands to relatively 


Vast arenes 
The Paraguayan Chaco is 4 source of 
Besides 
nroducts, 


appreciable national wealth 


cattle and some agricultural 
the forests produce timber, tannin (que- 
bracho) and essential oil (palo santo) 
The caranday palm is another important 
Which is but 


resouree, little exploited, 


principally for timber 


tele graph 


(telephone and 
poles, structures, ete.) 
fiber 
wicker or 
and leaf 


hats (5) 


and as a source of (ropes, bags, 


hammocks, a rattan-type of 
straw for the 


Potentially 


furniture, ete.) 


mnanulacture ol 
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the caranday is much more valuable as 
a source of hard vegetable wax than for 
any other of the aforementioned palm 
products 

Although the caranday palm has long 
been exploited for a variety ol purposes, 
its value as a source of hard vegetable 
wax has received consideration only in 
the past decade. This has probably been 
due to the isolation of part ol the caran- 
Bolivia Mato Grosso 


(Brazil), and in Paraguay to the greater 


day area in and 
economic importance of quebracho, palo 


santo and other trees in the accessible 
areas along the Rio Paraguay and its 
tributaries 

In the course of a survey of the ve 


Paraguay, 


he 


writer attempted to appraise the techni- 


table oil resources of t 
cal and CCONOTIIG possibilities of both 
small and large scale exploitation of the 
caranday palm as a source of hard vege- 
table wax. The pilot plants of two of 
the quebracho firms located on the Rio 
Paraguay were Inspected, laboratory ree- 
ords were examined, samples of wax 
were obtained and sent to various firme 
in the United States for analysis and 
evaluation, and several aerial and 
ground surveys were made of the distri- 


bution and extent of the earanday palm 


The Trees 


Nomenclature and Characteristics. 
The caranday palm, also ealled “ earan- 
* 
by other names, averages about 30 feet 
in height and has a trunk seven to ten 
diameter, Although, in gen- 
eral, the caranday cannot be ranked 
with the tall palms of the world, ocea- 
a height of 60 to 70 
feet or more” The young trees retain the 


carandé “ palma negra” and 


inches in 


sional trees attain 
spiny base of the leaves, but these are 
eventually shed and expose the dark and 
very hard trunk 
palm stems have a dark stain marking 
the level reached by flood water 


Over wide areas the 


Superficially the caranday re- 
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Fics. 3 & 4 Comparison of differentiating characters of the leaves. fruits and flowers of the 


earanday (night) and the carnatba (eft) palm 


natural size 


sembles the carnatba of northeastern 
Brazil, and it is easy to contuse the two 
species. They have, however, been care- 
fully deseribed and distinguished by the 
Italian botanist, Beeeari (1), who 
studied the genus Cope rnicia Among 
the differentiating characteristies Beceari 
noted the following: 

1. The leaves of adult plants in C 
australis (caranday) have the sur- 
face covered on both sides with 
numerous minute reddish points o1 
dots; the points are lacking or v« ry 
few and searcely visible in the 
adult leaves of C. cerifera (earna- 
iba) 


weording to Kuhlmann (5) About one-half 

2. In C. australis the branches of the 
third and fourth order arise inside 
a tubular funnel-form spathe; in 
(’. cerifera there are only tubular 
spathes for the second order, and 
only from these arise the branches 
which then subdivide into florifer- 
ous branchlets 

3. The flowers in bud of C. australis 


are about twice as long as those of 
(’. cerifera; in the latter the ovary 
Is searcely pilose at the top, it is 
densely pilose in €°. australia: the 
style in the latter is slender and thi 
stigma punetiform, while in 
cerifera the style is relatively thick 
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and the stigma distinctly 3-lobed; 
the stamens in (. cerifera form a 
fleshy ring with six very tiny teeth 
representing the filaments; in C. 
australis, on the contrary, the fila- 
ments have a broad triangular base 
which is abruptly contracted into 
a fairly long subulate filament; the 
tube of the corolla has six raised 
crests in C. cerifera and is smooth 
in C, australis 
The fruit of C 
than that of C. cerifera 


australis is smaller 


Owing to the difficulty and confusion 
of distinguishing the two palms, Kuhl- 
mann (2) prepared illustrations which 
permit a and means of 
recognizing and differentiating the two 
palms in the field or by means of her- 
barium These illustrations 
are reproduced in Figs. 3 and 4 

The first study of the anatomic strue- 
ture of the leaf of the caranday palm 
was reported by Machado (4). The leaf 
material for this study was collected in 
1943 in the vicinity of the Guaicurts 
Falls in Mato Grosso, but the results 
were not published until December, 1945, 
simultaneously with a study of the for- 
nation Wax by de 


precise 


specimens 


and properties of 
Medeiros Traneoso (3) 
Occurrence and Natural Distribution. 
In order to determine the distribution 
and density of the caranday palm in the 
Chaco Borealis and to colleet herbarium 
material, a total of 11 aerial reconnais- 
sances were made between September, 
1951, and November, 1953. The flights 
and ground surveys varied from one to 
four days and covered nearly all of the 
Chaco between 60° West Longitude and 
the Rio Paraguay, and between the Rio 
Pilecomayo and the Bolivian border; also 
along the western edge of Mato Grosso, 
Brazil, and the southeastern corner of 
Bolivia for a 35 miles 


distance about 


north of the boundary with Paraguay 
(sec map}. 


Aerial photographs were made in many 
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sections of the Paraguayan Chaco and 
on the ground wherever it was feasible 
to land. Herbarium or laboratory mate- 
rial was collected in many of the loea- 
tions 

These surveys revealed that the earan- 
day palm occurs over an area of several 
thousand miles of the Para- 
guayan and extends north and 
northeastward into Bolivia and Brazil. 
In the lower Chaco along the Rio Para- 
guay and its tributaries the caranday 
varies from thick stands, to highly seat- 
tered, to none at all. In general, it oc- 
curs in palmars plains), 
varying in extent hundred 
to many Within 
some of the palmars may be seen for- 


square 


Chaco 


(grass-palm 
from a few 
miles, 


acres square 


(monte duro) which when 
viewed the air like dark 
islands. Farther north the palmars give 
way to bushland (monte) which is char- 


acterized by a dense growth of thorny 


ested areas 


from appear 


shrubs and cacti, interspersed with hard- 
woods and devoid of palms except in the 
vicinity of the rivers and other drainage 
channels. In the northeastern section of 
the Bahia 
Negra, and extending into Bolivia and 
Brazil, the solid 
stands hundreds of square miles in extent 


Paraguayan Chaco above 


caranday occurs in 

It was estimated that the largest pal- 
mar, Which lies north and west of Bahia 
Negra and extending into Bolivia, con- 
tained possibly a half billion palms, and 
the entire caranday population was con- 
servatively estimated at ten times as 
great the population of 
Brazil 


“as carnatiba 

In general, the caranday palm is found 
throughout the Chaco wherever the land 
is subject to periodic flooding followed 
by complete drainage through run-off, 
seepage into the subsoil or evaporation, 

* During 1953 a large amount of caranday 
material was collected, dried or preserved, and 
the United for deposition 
Chicago Museum of Natural History 
where it forms a unique type collection 


shippe d 
with the 


States 
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and later to a protracted period of dry- 
ing and parching of the surface layer of 
the soil. The not 
found in areas 
in areas where 


palm is generally 


above the flood level or 
subinersion by water is 
more or less continuous. The periodic 
flooding to which the caranday areas are 


subject is probably the principal meeha- 


palms invading 
Paraguay 


Caranday 


by cattle. Puerto Guarani 


nism for distribution of the seed and 
henee spread of this palm. With the 
gradual raising of the alluvial plain 
through the erosion and redeposition of 
the eastern slopes of the Andes and the 
highlands to the north and east of the 
the and bushland 


over and the caranday palm disappears 


Chaco, forest tukes 


The transition of the flora with slightly 
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increasing elevation is illustrated in Fig. 
5! In the center of the photograph may 
be seen the water still remaining in the 
shrinking estero (swamp) as the dry sea- 
son progresses, On either side may be 
seen the grass which apears as the estero 
recedes, Beyond and on cither side of 


the treeless grassland are the earanday 


ind destroving grazing land through distribution of seed 


palms containing patches or islands of 
(dark 
flood level of the estero 


true forests areas), which are 
above the 

This ecological pattern is being dis- 
cattle 


In some of these 


rupted in areas where ranches 
have been established 
areas the grazing land is being invaded 
by the caranday palm, Paraguayan mes- 


quite (algaroba or Prosopis ap.), 


| 
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one or more and vari- 
The palm 
Is spread hy cattle eating the fruit and 


subsequently regurgitating the seed dur- 


especies Ol acacia 


ous mixtures of these plants 


ing siesta or at night, often at considera- 
ble distance from the place of ingestion 
This spread of the earanday palm and 
other exotic plants is further accelerated 
by frequent burning of the grassland. 
(Figs. 5 and 6). 


hic, 6 
through distribution of seed by cattle 


Acacia and other exotic plants, in addition to caranday palm 
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The Wax 


Pilot Plant Production. The earliest 
mention of commercial exploitation of 
caranday wax that has 
attention 


come to the 
refers to small-scale 
1945 (3) by Ayrton 
Pacheo, employing primitive means at a 
point about 36 miles below Porto Mur- 
side of the Rio 


author's 


production in 


tinho on the Brazilian 


Paraguay. 


invading grasslands 
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Fic. 7. Aerial view of a typical caranday palmar surrounding a darker hardwood forest 
Kach light-colored dot in the palmar represents a single palm tree, the trunks of some of which 
can be seen by means of magnification, and the dark dot accompanying each such light dot 
represents the shadow of the tree 


Subsequently the firm of Carlos Casado 
Ltda. became interested in the commer- 
cial exploitation of caranday palm as a 
source of wax. ‘This firm operates a 
large quebracho extraction plant at 
Puerto Casado and owns about two and 
a half million acres of land in the Chaco 
along the Rio Paraguay, which contains 
extensive stands of caranday palm. In 
1947 the firm began an intensive labora- 
tory investigation of the yield and varia- 
tion of caranday wax in relation to the 
conditions of harvesting and drying the 
leaves. This investigation included the 
palms on the Chaco as well as the Bra- 
zilian side of the Rio Paraguay in the 
vicinity of Puerto Casado, Subsequently 
(1949) a pilot plant for recovering wax 
was erected, 


A second pilot plant was erected by the 
Sociedad Forestal de Puerto Guarani, an- 
other quebracho extraction firm, located 
at Puerto Guarani, 70 miles farther north 
This instaliation included a building for 
drying leaves, two machines for sepa- 
rating the wax powder, a melting vessel 
and a centrifuge for separating the wax 
from the dirt and leaf trash. Sociedad 
Mereantil Colectiva “ P.A.A.M”, S.A 
Agro-Industrial y Comercial Espinosa 
Ltda. and other firms have developed 
equipment or experimented with the pro- 
duction of caranday wax. 

Caranday wax has been produced on 
a pilot plant seale by two of the firms 


mentioned above. These plants have 


used various types of machinery for re- 


covering the wax from the leaves after 


: 


CARANDAY A sol 
drying them either in a special drying 
The light gray, fluffy 
powder is removed from the leaves by 
aspiration with air while the latter are 
being cut and beaten in the machines 


house or outdoors 


The machines used in the early opera- 
tions had a capacity of 2,500 leaves per 
hour. 
cumulates in a closed room or a bin into 
which the aspirator duct leads. In one 
of the pilot plants the powder is first 
purified, that is, leaf 
trash and other suspended matter by 
bolting through fine cloth or woven wire 
screen before it is melted by indirect 
filtered prior running 
small shallow pans where it is allowed to 
solidify. 
powder is melted with direct steam and 
hot water, and the extraneous dirt and 
leaf trash are separated by centrifuging 
The separated liquid is run into large 
shallow pans where the water and wax 
separate into two layers as the wax 
slowly solidifies. Aiter cooling, the cakes 
of hard wax, 0.75-1.5 inches thiek, are 
broken into irregular pieces and bagged 
for shipment. 

Yield per Leaf. Examination of the 
laboratory records covering harvests in 
1947 and 1948 in the vicinity of Puerto 
Casado indicate that the yield of wax 


The aspirated wax powder ac- 


separated from 


steam and to to 


In another process the crude 


per leaf varied with the age of the leaves, 
weather preceding harvesting, conditions 


of drying, etc Unseleeted leaves har- 


vested after two or four days of rain and 


wind gave only 1.5-2.1 g. of wax *; 


This product contained 3% total impurities 


but no water; all other samples mentioned were 
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gave 3.84 g. of clean wax; unopened or 
olho leaves gave 3.5-4.4 g. of clean wax. 
Little difference in the 
vield of wax from palms on the Chaco 
and the Brazilian the Rio 
Paraguay. Various have 
ported that the carnatiba palm yields 4 
to 5 g. of wax per leaf, but none states 
whether the figures refer to erude wax 
powder or to clarified wax and, if the 
latter, of what degree of purity 

In comparing the relative yield of wax 
per leaf of caranday and carnatba, the 
marked difference in the total surface 
areas of the leaves of the two palms 
should be borne in mind. According to 
Beceari, the leaf is 
composed on the average of 60 leaflets, 
the central is approxi- 
mately 85 em. in length and 35 mm. wide 
ut 
the point of fission 
day leaf is composed on the average of 
48 leaflets, which is 
approximately 65 em. in length and 35 
410 mm. wide slightly above the point of 
At the same point the two outer- 


lected leaves, , no old or dying leaves, 


wis observed 


on side ot 


authors re- 


mature carnauba 


one of which 


a distance seven to eight em. above 
The mature caran- 
ol 


the central one 


fission. 
most leaves are only seven to 15 mm 
If the data given by Beeeari are 
for the it 
would appear that the total surface per 


wide 
representative two palms, 
leaf of carnatba is appreciably larger 
The leaf areas 
of carnatba and earanday appear to be 
roughly in the ratio of 5:3, or, stated in 
another way, the total surface per leaf 


than that of caranday 


of the carnatba palm is approximately 
two thirds greater than that of ecaranday, 
whereas the yield of wax is only one- 


ilso free of water, contained 1% or leas impuri- : 
— © eighth to one quarter larger 

ties, and melted at 84.5-85* ( Yields of crude as 
wax powder were higher than the figures During January, 1953, the author col- 
quoted for the clarified wax lected 250 leaves from palms found be- 

Fic. & (U ppe \erml view in the Paraguavan Chaco of forest and bushland (dark arenas) 
surrounded by caranday palms (lighter areas) along a meandering rive 

Fic. 9 (Lowe \erial view in the Chaco of changing flora with increasing elevation and 
drainage of the land. Center, more or less featureless, horizontal area indicates a receding swan 
flanked by treeless grassland which is sueceeded by palmar surrounding darker areas of hardwood 
The light ind dark dots in the palma ire individual trees and thei shadows 


— 

= 

a 

—— 


W ECONOMIC 


the Rio Pileomayo and Puerto 


Guarani, and sent them to S.C 


tween 
Johnson 
and Son, Racine, Wisconsin, for exami- 
Preliminary exami- 


leaves revealed that the 


nation and analysis 
nation of all the 
high r 
the 


had 


Wax 


olhos (unopened leave =) 
free-flaking 


(opened 


incidence of than 


palhas leaves) Subsequent 
analysis showed that on an average the 
palhas yielded more total wax than the 
Individual 
siderably in 


well as in 


olhos leaves varied con- 


area and weight, as 
total 


suriace 


amount of and free- 
flaking or caducous wax 

On an air-dry basis, individual leaves 
had the following variation 


Lower Chaco, 60-121 g. (ay 


in weight 
82): Puerto 


TABLE I 


VaniatTion Toran Capucous 
IN Cananpay Leaves 


Wax 


Amount of wax 
nt 


Number 
of leaves 
inalyzed 


Nature ol 
wax 


Average 
Total * 
Caducous 
Total, olhos* 
Total 


30 -106 
53 
79 
528-106 


* Determined by 
* Determined by 


solvent extraction 


mechanical beating 
Cusado, 26-128 
rani, 67-88 (av ); Espinosa Estancia 
near Villa Hayes, 75-100 (ay. 85). In 
order to intercompare the vields of wax 


av. 61); Puerto Gua- 


72 


it Was necessary to express the analyti- 
basis of 100 grams of 
dried leaf material 

The results of a limited 
determinations of total and 
wax are given in Table I. Based on the 
the 250 leaves, it 


eal results on a 


number of 


ecaducous 


examination of Wiis 


concluded that on the average, caranday 
much less free-flaking than 
carnauba 


leaves are 


are leaves Some caranday 

four of 
free-flaking wax per 100 grams of dried 
leaf, 


one and a half grame 


leaves had as much as rans 


but the average was only about 
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Since these analyses were made, pre- 
liminary experimental work carried out 
at Estancia Deolinda by Nils Gustafson 
that rapid artificial 
drying results in a marked increase in 
the free-flaking total 
wax compared to sun-dried leaves from 


has demonstrated 


proportion ol to 
in cadu- 
related to the 
rate of drying (less than 24 hours com- 


the same palm The increase 


cous Wax appears to be 
pared to three to five days for sun dry- 
ing), the the 
leaves, and the relative humidity of the 
surrounding al 


moisture content of an artificially dried 


final moisture content ol 


A determination of the 


and a sun-dried leaf from the same palm 
gave two and a half percent and twelve 
percent moisture, respectively 

Quality. When the hard 
wax exhibits a yellowish-green to light 


fractured, 
brownish-green color It is readily 
bleached pale very small 
amounts of benzoyl peroxide and to pale 
by 
sulphurie acid 


to tan by 


erenm hydrogen peroxide-chromic- 

Samples of the wax were submitted to 
various firms in the United States and 
abroad for examination and evaluation 
in product formulation tests. All 
one firm reported that the wax was su- 
perior to ourieury and comparable to the 
better (T-3 to T-4) grades of carnatba 


but 


The principal physical properties 
shown in Table II with 
similar data from the for 
carnauba, ourieury and eandelilla Waxcs 


are toget he r 


literature 


On the basis of the usual laboratory 
tests it is apparent that it would be difh- 
cult to distinguish caranday from carna- 
iba wax. One firm reported that “in 
certain of the practical tests for finished 
polish product applications it shows up 
as well as carnaiba wax but in others it 
is somewhat inferior. In all of the polish 
product tests which were run, however, 
if Was considered superior to ourreury 
wax 

From tests which have been made by 
various end users there seems to be little 


* 
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TABLE Il 


(COMPARISON 


Characteristic Carnauba 


Specifie gravity 25°/4 0.990--0.999 


Acid value 10-97 
lodine value 7-14 
Acetyl value 
Saponification value 79-95 
Melting point, °C 83ND 
Moisture, % 

Acetone-soluble at 25° C soi 20-25 


"Wax produced by Carlos Casado, Ltda 
Son, Inc., exce pt as otherwise indicated 


* Determined at the Southern Regional Research Laboratory, U.S 


ture, New Orleans, La 
, Drop point me thod 


doubt that the wax of caranday palms 
is as suitable as carnatba for many ap- 
plications, particularly in aqueous wax 
emulsion products. 


Imports and Present Status of the 
Industry in Paraguay 

In 1950, 1,297 kilos of caranday wax 
were imported into the United States 
under the classification “ Paraguayan 
earnatba ”. The wax was valued at 
$970 f.o.b. New York, or 75 cents per 
kilo, whereas the total import of carna- 
iba for that year averaged somewhat 
more than $1.70 per kilo (10). The low 
price received for caranday wax com- 
pared with carnauba was one of several 
factors which resulted in closing the pilot 
plants and stopping further efforts to 
develop a caranday wax industry in 
Paraguay. 

Another problem which confronted the 
producers resulted from the grant of a 
series of monopolistic patents (6-8) late 
in 1949 and early in 1950. The validity 
of these patents was questioned almost 
immediately through the medium of a 
suit brought by a potential producer of 
caranday wax. The suit was finally de- 
cided in favor of the patentee, but the 
patents were subsequently voided by a 
(9) 


decree law 


or with Harp Veceraste WaAxes 


Ouricury Caranday * Candelilla 


1.0661 0.990 0.982--0.993 
21-24 12-20 
6.9-7.1 sO” 15-37 
Ww” 
618-853 O15 16-65 
70-84 S45 (4-71 
09 
0.55-19 O.1S 
27 20 


Analyses supplied by courtesy of 8. C. Johnson & 


Department of Agricul- 


Cryoscopic melting point 79.7° C 


Prospects for Profitable Exploitation 


The results of the survey and investi- 
gations reported in the foregoing account 
together with other accumulated infor- 
mation suggest that profitable exploita- 
tion of caranday palm as an industrial 
wax should be technically 
feasible. Many of the larger stands of 
this palm are adjacent to the Rio Para- 
guay, on which regular boat service is 
maintained and along which are situated 
and industrial Roads, 
trails and narrow gauge railroads extend 


souree of 


towns plants 
from the river into the Chaco at various 
points, thus making it possible to reach 
vast numbers of palms without difficulty. 
Furthermore, the relatively small height 
and high density of caranday palms, as 
compared with earnatiba, should make 
collection of their leaves fairly easy. 
The problem of labor supply, espe- 
cially for harvesting the leaves, is proba- 
bly the greatest handicap to be overcome 
in developing a caranday wax industry. 
Such skilled workers, administrators and 
technically individuals as 
located in the towns along the Rio Para- 


trained are 
guay are generally employed by the que- 
This is gen- 
erally true of a large number of Indians 
who live in the bush and who are 
Cutting and 


bracho-processing plants 


gaged in cutting quebracho 


a 
pe 
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processing quebracho for tannin are 
year-round operations and are probably 
considerably more profitable than would 
be production of caranday wax; conse- 
quently it is unlikely that labor would 
be diverted from this source for cutting 
and processing caranday leaves. There 
are also many Indians employed on the 
ranches who may or may not be avail- 
able at time for harvesting palm leaves. 
It may be possible to induce additional 
Indians from the interior to migrate, at 
least for the leaf-cutting season, to the 
vicinity of the palm areas. Since many 
Indians have been trained to be excellent 
hacheros (axe-men), it should be possi- 
ble to train others to be equally good 
palm-leaf cortadores 

An item of very considerable impor- 
tance to the establishment of a new in- 
dustry is the attitude of the government 
with respect to taxation, export duties, 
rates of exchange, and the amount and 
degree of regulation which may be im- 
posed on it, especially during its devel- 
opment stages. Given favorable govern- 
mental consideration and an adequate 
supply of efficient labor, the exploitation 
of caranday palm in the Chaco of Argen- 
tina, Bolivia and Paraguay could in time 
equal or surpass that of carnatba in Bra- 
zil as a commercial source of industrially 


Utilization 


Lavender. Lavender oil is commercially 
obtained from both wild and cultivated 
plants, chiefly the former, in southern France 
The greatest use of this essential oil is in the 
soap industry; secondarily in the perfumery 
trade for manufacture of cologne waters and 
the preparation of a few perfume bases; 
thirdly, for medical and veterinary prepara- 
tions Also, drv lavender blossoms are the 
basis of scent cushions 

Wild plants grow at elevations between SOO 
and 6,500 feet in about 20 Departments of 
France, but mostly in that of the Drome 
(which has the highest production), of the 
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needed wax. Such a new source of hard 
vegetable wax would for many years 
remove the threat of a shortage as now 
exists and will continue to exist so long 
as carnauba remains almost exclusively 
the backbone of the hard vegetable Wiax- 
utilizing industries. 
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Abstract 


High and Low Alps, the Maritime Alps, the 
and the Var. 

Two forms of lavender (Lavandula offici- 
nalis Chaix) are recognized 
and fragrans—differing in flowers, foliage, 
growing preferences and nature of their oils. 


delphinensis 


Collecting the flowers is done by hand; 100 
to 130 pounds per man per day from wild 
bushes, up to 900 pounds from cultivated 
plantations. The oil is extracted from the 
flowers by steam distillation and by solvent 
extraction. (S. J. Hugues, Am. Perf. & Ess. 
Ou Rev. 62(6) 133 1953) 
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Forest-tree Genetics Research: Quercus L. 


Oaks are the sources, not only of the most valuable timber among 
broad-leaved trees of the northern hemisphere, but also of cork, 


tannin, a dye, and food for man and beast. 


Their prolonged pre- 


flowering periods and other factors have discouraged genetic in- 
vestigation of them, but what little is known in that direction is 


here summarized. 


IRGENS-MOLLER 


Cabot Foundation, Petersham, husetts ! 


Introduction 


From a genetical point of view, the 
genus L. has received little 
attention as compared with Pinus and 
Populus 


(Quercus 


One explanation obviously in- 
volves the long span of time required for 
oaks to reach flowering age; but there 
are other well. Controlled 
hybridization is not easily accomplished. 
Vegetative propagation is, if not difficult, 
at least time-consuming, and seed crops 
occur at irregular intervals. However, 
since oaks are among the most important 
hardwood timber crop trees in the north- 
ern temperate zone, some genetic re- 
search has been concerned with them, 
both in the New and the Old World. 
The results of these studies have been 
published in many widely seattered jour- 
nals and bulletins, some with a 


reasons 


us 


very 
limited circulation. The present review 
is an effort to assemble some of the 


available data together with a few un- 
published data from recent experiments. 
No claim for completeness is made, 

The growth habit of Quercus varies 
from shrubs a few feet in height, dense 
and straggling in arid or alpine regions, 
to some of the largest woody plants in 
the northern hemisphere. For example, 
(). borealis maxima, Q. macrocarpa, Q. 
robur and Q. velutina sometimes attain 


1 Present address: Department of Botany, 


Oregon State College, Corvallis, Oregon. 


heights of 50-55 meters (84). The genus 
Quercus probably reaches its best devel- 
opment in the United States. 
Immense semi-arid areas in northeastern 
Asia are also covered with oak forests of 
(). dentata Thunb., mengolica Turez. 
and others (106), but they are often of 
rather poor form. All oaks are 
pollinated and essentially 
They hybridize more or readily 
within the kivergreen, semi- 
evergreen and deciduous species oceur. 
Intensive oaks has not 
been practiced in North America to any 
degree, due to the extensive resources. 
But in Europe oaks have been planted 
and cultivated intensively for centuries. 
There is no doubt that in the future, 
when our reserves of hardwood timber 
are reduced and the demand increased, 
general forest-tree improvement will be 
a necessity. North American forestry is 
in an intermediate stage between simple 


eastern 


wind- 
monoecious, 
less 
sections 


silviculture of 


exploitation of forest reserves and inten- 
sive forestry. For the time being it may 
not look economically feasible to under- 
take intensive planting and silviculture, 
though opinions on this matter are rather 
divergent. Sooner or later we will be 
forced to enter upon very intensive for- 
estry. Until then we will certainly do 
well to get acquainted with the genetics 
and silvies of our forest trees. The com- 
bined efforts of these two disciplines will 
enable us to make considerable progress 


| 
In lorest-tree an improve- 
ment which in time will be an economic 


nece ssity 
Classification and Nomenclature 


(Quercus is represented by between 200 
and 300 species in the temperate regions 
of the northern hemisphere and in the 
tropies at high altitudes south to Colum- 
bia in America and to Malayan Archi- 
in Asian (84). Classification 
within the genus presents many difficul- 
Even the the 


to cause among 


pelago 


ties concept of genus 


Two of the most recent classi- 


SCCTILS controve ry 
onomists 


fications are presented below 


A. Camus (14) 


Quercus 
Subgenus CycLoBALANopsis Schneid 
Subgenus HKuquercus Hickel et Camus 
Section Cerkis Spach 
MesopaLtanus A. Camus 
LEPIDOBALANUS Endl. 
MACROBALANUS COecrst. 
ection Trel, 
ection ERYTHROBALANUS Spach 


Section 


ection 


Section 


In 1936 ©. Schwartz (92) raised cer- 
tain of the subgenera to generie rank. 
It is beyond the seope of this article to 


the following Rehder's classification will 


discuss these taxonomic problems 
be used. The subgenus yclobalanopsis 
Prantl! in Asia and the 
Malayan Archipelago. Subgenus Eryth- 
robalanus Spach, the so-called red or 
black oaks, is North and 
Central America. Subgenus Lepidobala- 
nus Endl, the white oak group, occurs 
in Asia, Europe, and North and Central 
America 

Also the species concept presents prob- 


occurs eastern 


confined to 


lems because of the great morphological 
variation in Quercus, Numerous papers 
dealing with variation in oaks have been 
published, e.g., Domin (22), Fiori (28), 


Hauch (37), Krason (48), Kurata (49), 
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Landolt (50), Muller (61, 62, 63), Oer- 
sted (71, 72), Palmer (75), Petersen 


(76), Stebbins (94), Sylven (96) and 
Weimarck (107). Some species in Quer- 
cus seem not closely related to any other 
species, while still others are barely dis- 
tinct from their closest relatives. If 
tollins’ “species standard method” 
(85) be applied to Quercus, a different 
species standard” would have to 
used within the different groups. 
As an example of the extreme variation 
in Quercus, Lasch (52), as early as 1857, 
described no less than 67 forms of Q. 
and including pre- 
sumed hybrids (104) enumer- 


be 
even 


robur petraea, 


Vicisio 


A. Rehder (84) 
Quercus L. 


Subgenus CycLoBALANopsis Prantl. 
ERYTHROBALANUS Spach 
LEPIDOBALANUS Endl. 
Crerris Loud. 

Super Reichenb 

Inex Loud 

GALLIFERA Spacli 
Rosur Reichenb. 
Prinus Loud. 


Subgenus 

Subgenus 
Section 
Section 
Section 
Section 
Section 
Section 


ates 23 forms of Q. idler alone in Spain 
Camus lists 44 forms of Q lanuginosa 
Lamk. and about 50 forms of Q. robur. 
The above mentioned species have, of 
course, been subjected to detailed taxo- 
nomic investigations for decades; but the 
amount variation could doubt- 
less be found in many other species. The 
creation of varietal names for all these 
forms 


same of 


confusion, 
since the polymorphism doubtless indi- 


introduces needless 
cates various phenotypic expressions of 
the same or very similar genotypes when 
grown in different environments. Muller 
(62) states that many of the Mexican 
species and varieties may prove to have 
been described from plants originating 
as stump sprouts, since such sprouts 
often show considerable variation in leaf 


shape. Stump sprouting is very common 


a 
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in Mexico due to the primitive method 
of clearing land for agriculture. Many 
of the species occurring in arid regions 
propagate by sprouting from subter- 
ranean rhizomes. <A single plant may 
form thickets up to 15 meters in diame- 
ter, as has been reported for Q. havardi 
Rydb. (65). Such clones are probably 
very old and serve to maintain the dis- 
tinctness of the species, but may also 
preserve genetic differences which have 
arisen, as noted by Muller (65). He also 
mentions the so-called “ mottes” in Q. 
virgumana, that is, clumps of even-aged 
trees, often of considerable size, origi- 
nating from juvenile rhizomes 

Another factor contributing to the tax- 
onomle contusion may be the practice of 
naming hybrids. According to the Inter- 
national Rules of Botanical Nomenela- 
ture, such a practice is allowed provided 
the possible range of variation in F,'s is 
indicated, F, hybrids between the same 
two species may, of course, vary con- 
siderably. This variation may even 
reach the point where “ varieties” of 
hybrids are deseribed (89). If this prae- 
tice were followed, we would soon have 
thousands of varieties. When and if hy- 
brid oaks are propagated vegetatively, 
the practice of using clonal names or 
numbers, as in the ease of Populus hy- 
brid clones, should be adopted. This 
suggestion may seem premature with re- 
gard to oaks; but in time we may be 
working with several hybrids or selected 
trees and thus avoid posible future con- 
1usion 


Utilization 


The oaks represent the most impor- 
tant source of timber among the broad- 
leaves species of the northern hemi- 
sphere (34). Oak wood for sturdy con- 
struction has been held in high esteem 
for centuries. The vikings of Seandi- 
navia, some 1000 years ago, built their 
ocean-going boats of oak timber, some 


of which are still found well preserved 


in bogs of Scandinavia That oak 
(mainly Q. robur) was for centuries con- 
sidered a valuable timber tree in Europe 
is indicated by the role it has played in 
the folklore of many countries 

In 1938 the standing sawtimber supply 
of oaks in the United States was esti- 
mated to be 83.7 billion board feet, prae- 
tically all in the eastern part of the 
country (103). This figure represents 
about 5% of the total standing sawtim- 
ber (1,601 billion board feet) at that 
time 

Other important oak produets inelude 
cork from Q. suber L. and Q. suber var 
occidentalis Arcang., both of which are 
indigenous to the Mediterranean region 
and produce about 282,000 short tons of 
cork per year (86). Attempts to intro- 
duce this species into the United States 
sturted about 1855 in the Southwest 
From 1940-46 about 200,000 seedlings 
were distributed for planting in Cali- 
fornia, and in 1945, 16,000 pound of 
acorns from this species were colleeted 
in the United States. Although they 
show a germination of about 90%, natu- 
ral regeneration is very poor (58). Tan- 
nin Was in early days extracted from the 
rootbark of some European species 
Later, extracts from the bark of younger 
trees were made. In North America the 
bark of Q. borealis, Q. velutina and Q 
primus were frequently used. Since the 
discovery of the quebracho tree (Schi- 
nopsis species) in South America, the 
wood of which contains much tannin, the 
use of oak bark tannin has decreased. 
In the Kastern Mediterranean region the 
two species macrolems Kotsch. and Q 
valonea Kotsch. bear fruits with a very 
high percentage of tannin (the seales of 
the cup, ea. 45% ; the cup, ea. 25% ; and 
the acorn, ca. 16%). The fruits are sold 
under the trade name “ Valonea ”’. Galls 
caused by the wasp Cynips gallae tinc- 
tora on infectoria Olivier in Asia 
Minor frequently attain diameters of one 
inch and contain 70% tannin, which is 
used chiefly in the manufacture of ink 
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and some medicines. The wasp Cynips 
robur and 


lusitanica weighing up to five vrais and 


insana causes galls on Q 


Pulverized 


they are sold under the name “ Rowe 


containing ca. 25% tannin 


A yellow dye, quercitrin, is extracted 
from the yellow inner bark of the North 
American black oak, Q. velutina Lam 


(35) 
scrubby oak species in arid regions play 


In addition to these products, the 


an important role in erosion control and 
constitute a major part of the chaparral 
of the Southwest. The 


a source of food by 


fruits have been 
the Indians 
According to Schenck 


used as 
in the Southwest 
(90), those of Y 
sweet and edible, and have been planted 
for this reason in Asia Minor. Attempts 
forms of Q with edible 
fruits have been made in Europe, so fat 
without success. The fruits of beech and 
oak played an 


portant role as food for hogs 


haas Kotsch. are very 


to sclect robur 


have, for centuries, 


Natural Hybridization and Speciation 


As previously mentioned, natural hy- 
bridization within the sections is known 
to occur 
presumed natural hybrids have been 
published, e.g., Allard (2), Britton (10), 
Bush (12, 13), Camus (15), Davis (18, 
19, 20), Dunean (24), Hollick (38), Kase 
(44), Kline (45), MeMinn, Righter and 
Babeock (55), (74), Rehder 
(83), Sauer (87), Sudworth (95), Tre- 
lease (102) and Wolf (109) However, 
the frequeney of hybridization has prob- 


Numerous papers dealing with 


Palmer 


ably been overestimated, since large hy- 


brid swarms are seldom found. Proba- 
bly one of the first natural hybrids to be 
discovered was the “ famous” Bartram 
Oak, deseribed by F. A. Michaux in 1812 
as a species under the name Q. hetero- 
phylla. Identity of this oak caused much 
100 
years, but it is now generally regarded 
as a hybrid between Q. phellos and Q 


bore 


debate among taxonomists for over 


In the following years many 
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other presumed hybrids were discovered 
and deseribed. Thus Palmer (74) in 
1948 enumerated about 70. This high 
number should however, be inter- 
preted as an indication that hybrid oaks 
For, even though 
hybrids can be 
found easily by careful searching, 
will, as Palmer (74) puts it, “ 
encounter hundreds of thousands or even 


not, 


occur very commonly. 
hybrids or presumed 
one 


probably 


millions of trees of the different species 
hybrid”. Hybridity appar- 
seldom affects the distinetness of 


lor every 
ently 
the species, in spite of the fact that many 
hybrids are fertile and a certain amount 
of backerossing and segregation occurs. 
The word “ apparently” is used as an 
indication of our inability to judge the 
importance of hybridization in specia- 
tion when the long span of time required 
for each generation is considered. Steb- 
bins, Matzke and Epling (93), in an 
account of introgression of @ ilicifolia 
into Q. marylandica studied in New Jer- 
sey, point this out by comparing Quer- 
cus With Drosophila. Under the assump- 
tion that the above mentioned two oak 


species have existed in New Jersey for 


the last 25,000 years, they assume that 
there have been only about 250 genera- 
tions. If Quercus and Drosophila have 
the same rate of change per generation, 
then 25,000 years in Quercus would com- 
pare to about ten years in Drosophila. 
Quite apart from the long generations 
in Quercus is the fact that fertile hybrids 
do not become readily established. One 
of the reasons may be traceable to the 
habitats 
(66) gives examples of such a situation 
in the case of hybrids between Q. ha- 
vardi and Q. mohrianea Bucekl. in Texas. 
The former species is strictly confined to 
deep sand, the latter to limestone out- 
crops 


absence of suitable 


The hybrids occur only on soil 
composed of a mixture of sand and lime- 
bluffs), although 
very slight introgression may be found 


stone fragments (on 


at some distance from the zone of range 


Muller 


ky 
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overlap. Other examples of the influ- 
ence of edaphic factors on introgression 
are given by Muller in crosses involving 
Q. mohriana and Q. grisea Liebm., Q. 
mohriana and Q. stellata, Q. incana Bart. 
and Q. marylandica, Q. 
Ashe and Q. stellata. An example of 
climatic restrictions on gene flow is also 
given by Muller in the case of Q. ha- 
vardi and Q. stellata. The former spe- 
cies is able to thrive on rather dry, sandy 
soil, whereas the latter is found in regions 
of higher precipitation in Texas. Where 
the ranges of the two species overlap 


margarettae 


(e.g., in Wheeler County, Texas), some 
gene exchange occurs, but, since the pre- 
cipitation decreases westward, “ stellata 
are not found very far west of 
the zone of range overlap. If the en- 
vironment were “hybridized” in the 
sense of Anderson (4) we would without 
doubt find many more hybrids. Hybrid 
oaks do, in fact, often occur where the 
habitat has been disturbed. 


genes 


One of the commonest sequels to hy- 
bridization in many genera is repeated 
backerossing of the hybrids to one or 
both parents. Hybridity therefore be- 
comes less apparent, and the end result 
is increased variability in the two parent 
Without backerosses survival 
in Fy generations may be expected to be 
low, since only the plants most similar 
to the parents would be capable of sur- 
vival in the old habitat. 

The work of Epling (26) on gene flow 
in populations of Arctostaphylos, Salvia 
and Delphinium indicates that sympatric 
species in these genera are capable of 
maintaining their identity, even though 
they are sufficiently compatible to form 
natural hybrids and backerosses. Steb- 
bins (94) gives examples of hybridity in 
overlapping ranges of morphologically 
dissimilar allopatrie Quercus 
while sympatric similar species show 
little or no indication of hybridization 
He mentions Q. garryana Hook. an’ Q 
douglasi Hook. et Arn. where hybridiza- 


species. 


species, 


tion occurs in the zone of range overlap. 
At the southern end of the range of Q. 
douglas: hybridization also oceurs with 
(). dumosa Nutt. and its variety turbi- 
nella Jepson so that there is evidence of 
chain of 


gene between a 


forms ranging from a large tree with 


interchange 


broad, deciduous, lobed leaves to a shrub 
small, coriaceous, evergreen, 
unlobed leaves. (. lobata Nee, however, 
which is the counterpart of Q. garryana 


with very 


both in habitat and character of the tree, 
shows relatively little evidence of lhy- 
bridization in localities oecupied by these 
Furthermore Q. lobata and 
(). douglasi show very little evidence of 
intergradation with each other. Steb- 
bins concludes that the magnitude of the 
visible differences Californian 
oak species bear no direct relationship to 


two species 


between 


the amount of intergradation that can 
occur between them 

Other and perhaps even more striking 
examples of gene exchange between mor- 
phologically dissimilar Quercus species 
are the hybrids between the evergreen, 
narrow-leaved and smali-fruited 
ginvana and the deciduous, broad-leaved 
and large-fruited Q. lyrata. According 
to Palmer (personal comm.), this hybrid 
occurs rather frequently in nature 

Proof of hybridity cannot be obtained 
with absolute certainty by comparison 


vir- 


of morphological characters A more 
certain way of testing hybridity is by a 
progeny test, as done by Allard (1, 3) 
with the naturally occurring hybrid Q. 
alba » Q. montana, by Bartlett (6) with 
«Q. deamu, and by MeDougall (54) 
who, in 1907, progeny-tested the Bar- 
tram Oak and came to the conelusion 
that it actually is a hybrid between Q 
phellos and Q. borealis. In this connec- 
tion must be mentioned the strictly sharp 
segregation into the parental types that 
may oecur in the F. generations. Yar- 
nell (112) explains this as partly due to 
linkage, especially because it is likely 
that there is less crossing over in the F, 


— 
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of the 


(94), however, by comparing 


than in either parental species 
Stebbins 
this segregation in oaks with the segre- 
gation in other plant groups, is of the 
that the 
which species of oaks differ from each 
smaller than in 


Another method 


opinion number of genes by 
other is considerably 
most other plant groups 
to test the hybridity of a presumed natu- 
repeat thi 
this 


unless the same 


ral hybrid is, of course, to 
cross artificially. But 


not be a certain method, 


even may 
parental trees are used 

There is no doubt that some claims for 
hybridity in nature may, upon detailed 
Variations 
modifica- 


investigation, prove to be 


caused by stump sprouting, 


tions due to ecological stress, or hetero- 
zygosity resulting from ancient crosses 


(62, 74). 
Selection from Wild Stock 


One of the simplest and most obvious 


methods of tree improvement is, ol 


Ap- 


parently such selection has been under- 


course, selection from wild stock 


taken only on a very small seale in the 
United States or Canada, if at all. In 
Kurope, on the other hand, 
first 
oaks appears in Johan Colerus’ “ Occo- 
rivalis”’, published in 1606. In 
1662 John Kvelyn wrote in his ‘Sylva 
Forest-Trees, and the 
Propagation of Timber in His Majesties 
Dominations "’ (London 1670, pp. 8 and 
20): “ chuse not your seed alwaies from 
the most Fruitful-trees, 
monly the most aged, and decayed; but 
solid and 
Nor for this reason, covet the larg- 
(but as Husband men 
do their Wheat) the most weighty, clean 
Discussing the different 
“the differ- 
enee proceeding doubtlesse trom the va- 
the Seed, and 


eare should be had of its goodnes, 


one of the 


authentic records on selection in 


noma 


or Discourse of 


which are com- 
from such as are found most 
fair 
est Acorns, ete 


and bright ” 
forms of trees, he continues 
therefore great 
and 
that it be gather’d from the best sort of 


riety of 


Trees, as was formerly hinted ”’, 
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Three to four hundred years ago oak 
timber played a very important role in 
the ship-building industry, especially the 
building of war ships. For this reason 
the monarchs of many European coun- 
tries were interested in the supply of this 
valuable tree, and various laws were en- 
acted for the 


and protecting oak forests. 


sole purpose of acquiring 
Selection has been practiced in Europe 


for many through collection of 
seed from phenotypically superior trees, 


or, more often, by mass colleetion from 


years 


areas with superior oak forests. Such 
activity has led to the consideration of 
provenance. Oppermann (73) mentions 
that extensive plantings of oak in Den- 
mark started in 1700-1780. 
lack of the material, 
acorns were imported from as far away 


Because of 
necessary seed 
as southern Germany, though the main 
portion ol the seed came from local for- 
Unfortunately, exact information 
on the seed source is lacking in many 


ests 


cases, but even so, these plantings have 
better under- 
standing of the provenance problem. 
Striking differences with 
straightness of bole, branching, growth 


contributed much to a 


regard to 


vigour and resistance to mildew (Micro- 


sphaera quercina) have appeared in 
these plantings 

Giood examples of improvement by 
selection are the so-called “ Dutch oaks ”’ 
(Q. robur) 
Holland grown from acorns of selected 
trees in the forests of Holland, probably 
Breda, During nursery propaga- 
tion rmgorous 


straightness and growth vigour in order 


These are street trees in 


near 


selection was made for 


to obtain suitable street trees The re- 
sult is that acorns from these street 
trees give very fine plants for forest 


planting. Grown in dense stands in 
Denmark they have reached a height of 
32 feet in 24 years 

Cieslar (16), in 1923, published the re- 
sults of a 19-year-old provenance experi- 
ment with @ The experiment 


was made in Austria and represented 21 


robur. 
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seed sources from widely different re- 
gions. The results strongly emphasize 
This ex- 
periment will be discussed in more detail 
later. 

Hauch (35, 36), in 1909, started a 
provenance experiment with Q. robur in 
Denmark at about Lat. 55° 30’ N., Long. 
12° Kk. Four provenances from Den- 
mark and one each from Holland, Rus- 
sia (49° 30’ N., 34° 30’ E.), Gallicia, 
the mountains of northern Hungary, 
the lowland of southern Hungary, 
Czechoslovakia (48° 50’ N., 17° 20’ B.), 
Trieste, and northwestern Germany were 
included. In 1914 and 1920 he published 
results of this experiment. Striking dif- 
ferences in time of flushing and leaf fall 
and amount of summer shoots were ob- 
served. With regard to growth rate, 
provenances from Slavonia and Czecho- 
slovakia proved the best. These regions 
are known to have some of the best oak 
forests in Europe. However, Hauch 
concluded that none of the foreign prov- 
was fitted for cultivation in 
Denmark beeause of susceptibility to 
early frosts and profuse development of 
summershoots which, in turn, caused 
heavy attack by mildew (Microsphaera 
Also, the southern prove- 
nances were characterized by longer but 
weaker annual shoots with poorly de- 
veloped terminal buds. 

Matthii (57), in 1922, distinguished 
between six zones within the range of 
the European white oaks based upon 
time of flushing and length of the growth 
period—a purely phenological distine- 
tion, 

Birner (8) that 
branch formation in Q. robur is a char- 


the importance of seed origin. 


enances 


quercina)., 


reported epicormic 
acter which varies according to the racial 
type or variety. His experiment in Ger- 
many has lasted for more than 50 years 
and shows that the oaks for 
timber production (i.e., those with many 
epicormic branches) come from the El- 
ban district in Germany, while the best 
type for timber production (i.e 


poorest 


with 


few or no epicormic branches) come 
from certain regions in Saxony and from 
the Duteh border. The extensive ranges 
of many North American oak species 
indicate that the provenance problem is 
also a very Important consideration for 
North American oaks. This is 
cially true when importation of acorns 
from North America is planned. Such 
introductions going on for 
some years, particularly with respect to 
borealis. 
very valuable and superior to any other 
oak for planting on sandy dry soils in 
northwestern Europe (7, 9, 53, 70). One 
of its good qualities is its soil-improving 
ability when planted in pine plantations 
(Pinus mugo) in the heath regions of 
western Denmark. The dead leaves are 
very quickly transformed into a good 
mull, 
humus over a hardpan, red oak is an 
effective soil improvement agent, 


Cspe- 


have been 


This species has proved 


Even where the top soil is raw 


Selection of superior single trees has 
been underway for some time in Europe. 
In Sweden the “ Society for the Promo- 
tion of Oak Cultivation ” has been estab- 
lished (98). One of the purposes of this 
organization is the preservation of good 
oak trees by vegetative propagation on a 
The clonal lines thus estab- 
lished will be used for seed plantations 


large scale 


The demand for acorns in European for- 
estry is In some countries far greater than 
the supply and thus justifies the estab- 
lishment of seed plantations. Such plan- 
tations should, of course, be composed of 
many superior clones, and the variation 
in time of flowering between the selected 
must be Also, the 
clones should be planted in alternating 
rows, or even mixed in the same row, to 
insure 
possible 


clones considered 


cross combinations «as 
the different 
The presumed high degree of heterozy- 


many 
between clones. 
gosity in most forest trees will probably, 
as mentioned by Langner (51), result in 
considerable segregation. For this reason 
seed of inlenor genotype will doubtless 
also be harvested In such plantations 


a 
wh 
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In agricultural breeding it is essential 
that the plants to be used as a source of 
seed be as homozygous as possible with 


reference to the desired characters, since 
all the plants grown are harvested. The 
higher percentage of undesirable plants 
that segregate the less the profit. But 


in forestry only a relatively few plants 
are allowed to maturity, the 
greater removed by 


reach 
percentage being 
natural or artificial thinning, and con- 
sequently a high degree of genetic uni- 
formity is not necessary 


The demand 


for acorns is, as men- 
tioned before, rather acute in many 
European countries. In order to expe- 


dite seed production certain assumptions 
must be with the 
genotypic quality of the clones used. 
The clones can be selected only on the 
basis of the phenotype initially, since 
the quality of the genotype must be de- 


made reference to 


termined by progeny tests lasting several 
years. Such tests, preferably of control 
pollinated progeny, should be under- 
taken as soon as possible. Poor geno- 
types may then be discarded at an early 
date. By this means a seed plantation 
will never become static but will undergo 
constant improvement by selection. The 
seeds from such plantations should be 
used only in areas with climatic, edaphic 
and photuperiodie conditions similar to 
those existing in the locality where the 
parental trees were selected. For this 
reason several smaller local seed planta- 
tions are preferable to a few larger ones. 


Controlled Hybridization 


Relatively little controlled hybridiza- 
tion has undertaken in Quercus. 
Flowering occurs at the time of flushing 
or a few days after unfolding of the 
leaves, 


been 


The male flowers are born in 
pendulous catkins from the axils of the 
scales of the terminal bud or from spe- 
cial buds on one- or two-year-old wood. 
The female flowers, at in North 
American oak species, are produced on 


least 
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shoots of the current season, mostly in 
the axils of the upper leaves, in solitary 
or many-flowered spikes 
are (e.g., virginiana), 
while others are protandrous (e.g., Q. 
lanuginosa, petraea, robur, alba, macro- 
(14). The male flowers 
the previous season, while the 
females are formed during or just before 
the time of flushing. The ovules 
formed very late and are not fully de- 
veloped at the time of pollination. The 
ovary is three-celled, each cell containing 
two ovules, but only one of the six ovules 
in each flower is fertilized. 
ductive characteristics make controlled 
pollination difficult. The small number 
of female flowers on each twig requires 
the use of many bags. Also, the time 
of receptivity seems to be rather short 
and to vary greatly from species to spe- 
cies, and the time interval between polli- 
nation and fertilization of the ovule is 
rather long. In the Lepidobalanus 
group the growth of the pollen tube fol- 
lows an uninterrupted growth through 
the tissue of the style until the ovule is 
fertilized. In some species fertilization 
may oceur nearly two months after pol- 
lination. But in the red oaks (Erythro- 
balanus), in which two years are re- 
quired for maturation of acorns, the 
pollen tube stops growth when it has 
reached the base of the style. It then 
passes into a dormant or resting condi- 
tion and remains there until the follow- 
ing spring when fertilization takes place. 

Isolation of the female flowers can be 
effected by the use of glassine and kraft 
paper bags, the former inside the latter. 
Pollen should be from cut 
branches foreed in a greenhouse. How- 
ever, recent studies by the author indi- 
cate that oak branches do not force well 
if brought into the greenhouse too early. 
The catkins develop but the anthers may 
not open. In such cases the whole in- 
florescence wilts and dies. This is pos- 
sibly due to the fouling of the con- 
ductive tissues by bacteria. Different 


Some species 


protogyneous 


carpa) are 


formed 


are 


Such repro- 


secured 
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solutions have been used to keep the 
water clean but so far without success. 
Even repeated thanging of the water and 
cutting of the bases of the branches are 
ineffective. The best 
be to start the forcing at the time of bud 
swelling or « little later. In this way 
the problem of storing the pollen for a 
longer period is avoided, If bagging of 
the female flowers is done early, the 
higher temperature in the bag will cause 
an earlier development of the female 
flowers than of the 
flowers. This is advantageous because 
it allows removal of the bag at the time 
of pollination without danger of con- 
tamination by foreign pollen. Pollina- 
tion ean then be accomplished by apply- 
ing the pollen onto the stigmas with a 
fine brush. More than one pollination 
is usually needed to insure fertilization. 
Later pollinations must be performed by 
injecting the pollen without 
the bag. 

Storing of pollen can, according to 
Pjatnitskii (81), be achieved for at least 
66 days or more when kept at low tem- 
perature (0° ©.) in a desiccator contain- 
ing a solution of 35% HoSOy. Germina- 
tion tests of pollen can be made in a 0.2 
to 1.6 N solution of sucrose in distilled 
water. For the sections Cerris, Meso- 
balanus and Lepidobalanus the best 
concentration was reported by Pjatnit- 
skii to be a 0.4 to 0.6 N solution, while 
for Q. borealis, the best was a 1.0 \ 
Germination was greatest 
stimulator, such as a style or style ex- 
tract, a 0.001% Doron solution, folliculin 
or certain plant tissues were added to the 
nutrient medium. However, the fact 
that pollen germinates readily does not 
necessarily mean that it is capable of 
effecting fertilization of the egg. Pjat- 
nitskii found that the female flowers are 
receptive for about a week. One of the 
most difficult artificial hybridization 
problems in oaks results from the irregu- 
larity of fruit set. For this reason trees 
showing regular and high percentage of 


method seems to 


unbagged male 


removing 


when some 
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fruit set should be selected for breeding 
work. Wright (110) has tried to treat 
the branches bearing young fruits with 
different 
fruit set, but so far without positive re- 
sults. 

The best known artificially produced 
oak hybrids in North America are the 
Ness hybrids, produced in 1909 (68, 69) 
Helge Ness at the Texas Agriculture Ex- 
periment Station pollinated lyrata 
with pollen from Q. virginiana and ob- 
tained three hybrid plants resembling 
the pollen parent. In 1910 he repeated 
the and obtained five hybrid 
plants. The hybrids show compara- 
tively rapid growth, regular form and 
In 1919 the hybrids 
flowered and set seed after open pollina- 
tion. Twenty-three Fy plants were ob- 
tained. Yarnell (111), in studying the 
variation in leaf size and shape in these 
Fy plants, found that the plants fell into 
two distinct groups, one ranging around 


chemicals to induce a heavier 


cCTOss 


seml-evergreenness, 


the virgimana parent, the other in a dis- 
tribution below the lyrata parent, i.e., 
with leaves somewhat smaller than those 
of lyrata 

In Russia S. 8. Pjatnitskil has carried 
on rather extensive hybridization studies 
He even claims to have ob- 
tained hybrids between the two sub- 
genera Lepdobalanus and Erythrobal- 
anus (78, 79, 90) by pollinating Q. robur 


In Quercus 


and (. macranthera with pollen of Q 
horealis maxima The F,’s were re- 
ported to demonstrate vigorous growth 


the first year 
were unsuccessful, probably because of 


The reciprocal CTOSSCS 


the biennial fruiting habit of species in 
Pjatnitskii 
production of other hybrids, 
including the crosses Q, 
macranthera « Q. robur and 
thera » 


highest 


the Erythrobalanus group. 
reported 
intersectional 
macran- 
Q. alba, both of which gave the 
yield of hybrid acorns among 
Most of the 
hybrids showed intermediate characters 


the 41 crosses he reported 


and, to judge from the literature, some 


hybrid vigour. Crosses with cork ouk 


> 
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suber) were also attempted Sore 
of these have proved winter hardy in the 
northern part of the Ukrainian steppe 
However, statistical data are not availa- 
ble with regard to the presumed hybrid 
vigour of some of Pjatnitski’s hybrids 
Attempts to repeat some of his crosses 
are being made by the author 
Pjatnitskii also tried selfing of oak 
and reported (77) that many new and 
valuable characters may be revealed by 


this method 


Kolesnikov also tried selfing of oak 
and reported (45a) that inbred oak 
seedlings at the age Ol one year were 


8% smaller than open pollinated seed- 


lings, and that their coefficient of varia- 
bility was one and a half times as great 
At the age of two years the differences 
were much more pronounced, the differ- 
ence in height amounting to 46.4% , and 
the coefficient of variation was 2.2 times 
as great. ‘Together with many small in- 


ferior plants, certain individuals con- 
siderably exceeded the maximum height 
for the normal] plants (57.1 em. as com- 


pared with 42.0 em.) 


Dufficid (91) found 
metaxenia (influence of pollen on ma- 


Schreiner and 
ternal tissues of fruit) in a cross between 
(). alba and Q. robur, some acorns being 
brown, as in the seed parent, others light 
in the 
They also found that hy- 


green and late maturing, as pol- 
len parent 


brid 
produced by selfing 


acorns were larger than those 

Attempts at intraspecific hybridization 
Appare ntly have not bee n reported in the 
literature. But with the 


terest in the establishment of 


increased in- 
seed or- 
chards in Europe one may predict that 
intraspecific hybridization will be widely 
practiced 


Vegetative Propagation 


the oaks 
has been considered rather difficult, and 
this diffieulty is 


Vegetative propagation in 


sald to be one of the 
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relative ly little genetic 
research thus far undertaken in Quercus 
Although oaks do root with difficulty, 


reasons for the 


they 


are no more resistant to rooting 
than Pinus and Picea 

Thimann and Deslisle (100) found 

that it is impossible to root cuttings 


from older trees. They may survive for 


several months, but never become estab- 


lished Dormant cuttings of three- to 
four-year-old plants, however, are rela- 
tively eusy to root if treated in a solu- 
tion of indolyl-acetic-acid. By using 


basal cuttings of three- to four-vear-old 
plants taken in February, and by soak- 
100 p.pam. solution of 
indolyl-acetic-acid for 24 Thi- 
mann and Behnke-Rogers obtained 82% 
(101). Softwood cuttings taken 
late 
also rooted, but with a somewhat smaller 


ing them in a 
hours, 


rooting 


during summer trom other species 


percentage 

can be out-of- 
For 
grafting in the greenhouse, two- to three- 


Grafting performed 


doors as well as in the greenhouse 


year-old potted plants should be moved 
temperate house in January or 
February established 
plants potted the previous spring) are 
The 
made when root activity starts a month 

Ordinary waxed whip 
the simplest and best 
Quicker unions are obtained by keeping 
the grafts in with higher 
temperature and humidity, but this does 
the take 


which, in recent experiments with graft- 


into a 
plants (1.¢e., 
should be 


preferable grafting 


or two. later 


yraits are 
it closed cuse 


not improve percentage of 
ing of young plants, is quite high (90% ) 
The understock should preferably be of 
the same species as the scion, or at least 
However, it 
is possible to graft YQ. alba on Q horealis. 
that is, 
Mirov and Cumming (59) report 


from the same subgenus 


Lepidobalanus on Erythrobal- 
aris 
that suber (subgenus Leyidobalanus) 
can be grafted successfully on Q. cas- 
taneaefolia, pube scens, tberica, petraea 


and chrysole prs, all members of the sine 


4 
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subgenus: and also on Q. kelloggu and 
douglasu of the Erythrobalanus group 


They reported Q. suber incompatibl 
with @ agrifolia and Lithocarpus densi- 
flora 

Grafting in the nursery can be done 
in March or April when sapflow in the 
understock and 


windy 


begins In very dry 


climates, however, it may be 


NeCCCSSAry to protect the scions from ex- 
CesslVe them 


desiccation by covering 


with polyethylene bags over which 
should be put kraft papel bags to avoid 
excessive heating by insolation 

In order to make future pollination 
work easier it may 


graft scions on older, flowering, low and 


be advantageous to 


broad crowned trees so that the amount 
of climbing ean be reduced. The grafts 
should be made on vigorous shoots which 
can be produced by heavy pruning of the 
Mirov and Cumming 
(59) report that cork oak can be grafted 
in this manner, The 
understocks are decapitated at 


tree to be used, 


trees to be used for 
a height 
and 
the scions grafted the following year on 


of one and one-half to two meters, 


the sprouts developing from just below 
the cut In this way deer-browsing of 
They suggest that 
many of the chaparral oak species in the 


the scions is avoided. 


Southwest may be used this way as un- 
derstocks for cork oak 

Pollinations in the greenhouse under 
more suitable conditions may be made 
by graiting old flowering wood on young 
potted plants, as is practiced in Sweden 
(99). 

The grafting from 
horticulture into forestry thus not only 


introduction of 


enables forest tree breeders to preserve 
valuable genotypes but also makes the 
work of hybridization much easier 
Inducement of early flowering in oak 
has been reported from Sweden by Hol- 
ger Jensen and Bertil Lindquist (41) 
Q. robw <tem diameter of 
five centimeters and a 
three 


trees with a 


height ol about 


meters were strangulated with a 
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wire outside a narrow aluminum band 
ine ol the trees thus treated vielded 
1.000 acorns the following 


more than 


vear 


Cytology 


counts have 
been made in Quercus (17), in 
1912, reported the 2” number to be 8 


\ number of chromosome 


Cosens 


Wetzel (108), in 1928, found 
Ghimpu (32), Hoegh (39), Sax (88), 
Jaretzky (40) and Vignoli (105) found 
the haploid number to be 12, while 


Friesner (30) and Aufderheide (5) re- 
ported it to be 6 Later counts (23, 29, 
67) gave the haploid number as 12 whieh 
is now considered the basic number for 
the Natividade, 


ever, chromosomes are 


genus Quercus how- 
found that the 
made up of 12 types and that the same 
types could be recognized in eight Kuro- 
He found 
types could be further di- 
two six, differing 

Hle also observed second. 
the first 
This phenomenon he inter- 


pean species and two hybrids 
that the 12 
vided into 
only Ith size 


ol 
ary associations at und second 
metaphase 
possible basic 


prets as evidence of a 


number of six One to three chiasmata 
were observed, according to the size of 
chromosomes 
larities 
mother 


Hoegh (39) noted irregu- 
the pollen 
it presumed natural 
hybrid between Q. robur and @. petraea 


during meiosis in 


cells) from 
Univalents were found during anaphase 
He observed that meiosis starts three to 
four days before leafing, Le., when the 
still the 
The divisions lasted eight 


male flowers are enclosed in 
swelling buds 
to ten days 
Helge Johnson reported (42) on poly- 
ploidy in twin seedlings of Q 
Out of about 75,000 acorns he 
314 twin pairs and 31 triplets 


some counts of these plants gave a ire- 


robur 
obtained 
(hromo- 


quency of 041% triploid. Naturally 
occurring triploid adult trees have, how- 
ever, never been reported, in spite of 
rather intensive cytological investiga- 
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tions by several workers in Sweden. 
Helge Johnson is therefore of the opinion 
that such triploid oak twins probably 
originate from embryos 
Machado in 1943 reported that 


colchicine treatment of Q. suber resulted 


abnormal! 
(56) 


in various modifications in the cells but 
did not alter the number of chromosomes 


Studies of Inheritance 


Many European data have been pub- 
lished on the correlation of various char- 
acteristics in oaks. In Austria, Cieslar 
(16) planted acorns of 21 trees from dif- 
ferent parts The 
were to 


mother 
as and 
He found a correlation be- 
tween mother tree and progeny in these 
correla- 
tion in Y. robur between width of crown, 
and 
with 
branches were generally faster growing 
However, should taken in 
judging the degree of genetical control 


of Europe 


trees described form 


growth rate 


qualities. He also observed a 
| 


straightness of bole growth rate 


Narrow crowned trees ascending 


caution be 
of form when the trees are grown under 
conditions 
widely different from those existing at 
their place of origin. Cieslar found that 
acorn size influenced the height growth 
least 


climatie and photoperiodic 


of seedlings until at their seventh 


year. He gives the following data: 
TABLE I 
Height at various ages 
Weight 1000 
wore l 7 years IS Years 
(grains 
em % em em 
7670-5000 227 100 132.9 100 197 «(100 
1820 4040 17.1 75 1329 99 «100 
3770-1320 153 67 1056 79 512 108 


After 18 years of growth the differences 
in height disappeared completely. Eit- 
(25) found that a proportion of 
100:65:31 in acorn size gave a correlated 
of 100:95:76 in 
eight-year-old plants Helge Johnson 
(43) reported that differences in height 


Ingen 


proportion height of 
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due to size existed even in 18- 


year-old plants. 

Acorn size also influences the percent- 
age of germination. Helge Johnson (43) 
gives the following data: 


acorm 


TABLE II 
Weight per 1000 
acorns (kg.) 920 534 394 3.12 2.12 
Number of plants 
per 100 acorns 125 79 4 Su 73 
It may be surprising that 125 plants 


were derived from 100 acorns, a fact at- 
tributable to the large acorns often con- 
taining two embryos. As many six 
viable embryos may be found one 
acorn (11, 21). 

The effect of acorn size on growth rate 
must therefore be taken into considera- 
tion when studies of the genetical con- 
trol of growth rate are undertaken. If 
great differences in acorn size exist, de- 
termination of comparative vigour must 
either be delayed until the plants are ten 
to 15 years old, or the acorns may be 


as 


in 


segregated into size classes at the time 
of planting. By this means differences 
within the size may be deter- 
mined much earlier. 

In 1911 Oppermann (73) initiated a 
detailed progeny study of several trees 
of Y. robur in Denmark. He came to 
the conclusion that there is a fairly high 
degree of positive correlation between 
the form of the mother tree and that of 
His data follow: 


classes 


Its progeny 


TABLE Il 
Both 
good Mostly 
very 
and poor 
good 
bad 
Progenies of good mother 
trees (13 progenies of 
individual trees and 15 
of stands) 61% 25% 14% 
Progenies of good mother 
trees (28 progenies of 
individual trees and of 
6 stands) 15% 2% 59% 


ot 
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It will be seen that the majority of the 
progenies ol good trees resembled their 
mothers, and the same was the case with 
progenies of poor trees 

Krahl-Urban (46), by studying natu- 
oaks in Germany, 
concluded that there were similarities in 


ral regeneration of 


shape of crown between the presumed 
parents and their progeny 

CGenetical differences between different 
progenies can be detected only if the 
progenies are grown together under uni- 
form environmental How- 
ever, the phenotype expression of such 
differences may be considerably modified 
in a different Therefore 
caution should be taken when consider- 


conditions 


environment 


ing the suitability of a certain progeny 
to be grown under environmental condi- 
tions different from those under whieh 
the progeny test was made 

There is evidence that 
form in some oaks is inherited in a sim- 
ple Mendelian 
form ot @ 
oak of southern Sweden, is 


ample It 


crown 


manner. pendulous 
robur, the so-called Burana 
good 
1850. 
Since then three open pollinated genera- 


was discovered in 
tions have been grown, and in each pen- 
dulous forms have appeared (73). Pjat- 
nitskir (82) progeny 
test of a specimen of the fastigiate form 
ol 


dominant and that the particular tree 


coneluded from a 


robur that the fastigiate habit 1s 


tested was heterozygous with respect to 
However, no data on the 
quantitative result of these two exper- 
Ksson (27) planted 
three acorns from the fastigiate form ot 


this characte! 
ments are available 


the same species and obtained two nor- 
this 
to note that 
150 years ago in Germany, the 
form of a pyramidal oak was attributed 


mal and one fastigiate plant In 
connection it is of interest 


about 


to the fact that it grew in an old aban- 
doned well 

Funk reported (31) on variegation in 
robur 
tree 


The progeny of a white varie- 
29% 


seedlings, among which all degrees from 


gated contained variegated 
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nearly pure green to white oceurred, the 
growth rate being greatly reduced with 
The 
shoots developed by these seedlings had 

than de- 
spring. This Is 
‘albo-maculatus 


increased variegation summer 


leaves those 
the 


case of 


less variegated 


veloped during 
doubtless a 
variegation, in which transmission of the 
variegation is effected through the cyto- 
plasm 

A few cases of albinism have been ow- 
served by the author among seedlings of 
Q. borealis. The plants died at the age 
of four to five months 

Time of flushing seems to be deter- 
mined rather rigidly by the genotype. 
Cieslar (16) mentions a so-called variety 
tiver Valley 
in Yugoslavia which flushes two weeks 


of Q. robur from the Save 


later than other oaks of the same spe- 
cies (Q Such di- 
versity is characteristic of geographical 


robur v. tardissima) 
races, and to give such variants varietal 
Of peculiar 
interest is the variation in time of flush- 
ing often found inside rather small popu- 
lations. In Sweden Sylven (97) made 


status seems unnecessary 


observations over a period of three years 
leaf fall 


robur trees of 


on the time of flushing and 
among more than 3800 Q 
population He 
siderable diversity from 

Generally the relative time of 
flushing was recorded each year for each 


found 
tree to 


u single con- 
tree. 


tree, but some fluctuations from year to 
year noted. The variation from 
tree to tree within the same population 


were 


is of great importance to forest tree 
moved 
northward it would be advantageous to 
select late flushing and early leaf shed- 
ding types in order to avoid late spring 
How- 


ever, they should not be moved so far 


breeders. If southern races are 


or early autumn frost damage 


north that the day length becomes muel 
greater than at their place of origin. 
Under such conditions the growth period 
in autumn will be prolonged and may 
in damage by early fall frosts. 


However, movement north may be con- 


result 


| 
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the the 
new habitat is long enough to allow for 


siderable if growing season in 


a prolonged growth period in autumn. 


Racial Differentiation 


Many ouk have a wide 


natural distribution. @ 


species very 
horealis and its 
variety maxima, for example, is found 
from Nova Scotia to Florida and west to 
Minnesota Texas Racial differ- 
entiation may thus be assumed, Intra- 


and 


specific differences with regard to 
Height 

yo + 1 
400 
7100 

2 

wo 4 
20 
100 

Mey 27 Aug. _ Sept. 19 
hic. 1. Graphie illustration of the growth 


during one (1952) of Y. borealis from 


i northern and a southern source 


when grown 


at Boston l From Blairsville, Georgia, at 
Lat. 44° 52’ N. and Long. 83° 58’ FE. Average 
of six plants. 2: From Madison, Maine, at 
Lat. 44° 52’ N. and Long. 68° 41’ E. Average 
of seven plants. See text for further expla- 
nation 

morphology and physiology are com- 


Although the 
morphological differences are the easiest 


mon in many oak species 


detectable, they probably are of less sig- 
nificance than the physiological differ- 
ences, Cieslar (16) has investigated the 
formation in 
robur when grown 


frequency of summershoot 
different races in Y 
at Wienerwald, Austria. He 
that races with many summershoots are 


concluded 


those from mild regions with a high pre- 


cipitation during the summer months 
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Such races were heavily attacked by 
mildew 


fecent 


( Vicrosphae ra que reina), 
experiments, carried out by 
the Maria Moors Cabot Foundation for 
Botanical Research of Harvard Univer- 
sity, have shown that some races, espe- 
cially those of extreme southern origin, 
produced two shoot elongations during 
one summer, 1.e., three elongation periods 
per season, if the spring elongation be 
included. In Fig 
of a northern and a southern race of Q. 
borealis 


1 is shown the growth 


Only one season's growth is 
shown, based on weekly measurements. 
Note that the 
elongation periods while the northern 


southern race has three 


has only two. On the average they show 
2.7 and 2.1 elongation periods, respec- 
tively. Also, there is a three-week dif- 
ference in time of height growth cessa- 
Both of 
probably due to the different photoperi- 
the 
other 


tion these phenomena are 


reactions of two races. It is 
known in that 
when the day is prolonged for different 
races, either artificially or by moving 
them northward, their period of growth 
is lengthened 


odie 


well tree species 


In some cases damage by 
early autumn frosts may occur. Mosch- 
kov (60) found that southern races of 
Salix babylonica, Salix prerottu, Rubus 
and Vitis 
Leningrad could be 


ulaeus moved to 
made hardy there 
simply by shortening the day artificially. 
Only a treatment of 20 days was re- 
quired for some plants to enable them 
He found that 
day treatment of only the growing tip 
Untreated 
plants were heavily frost damaged 
With regard to Q 
(47) claims that they do not continue 
growth late in fall when treated with 
continuous light 


AMUTENSILS 


to stop growth short- 


of the shoots was enough. 


borealis, Kramer 


However, continuous 
light may have a different effect on the 
plants than just a longer day. Some 
of the races of red oak grown by the 
Cabot Foundation near Boston (42° N, 


Lat.) have also been planted near Co- 


Z 
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penhagen, Denmark (55° Lat.). 
While the winters in these two localities 
are of about the same severity, but tend- 
ing to be more continental at Boston, the 
difference in day length is considerable 
This may be the explanation of the fact 
that about 30% of the plants of Geor- 
gian origin (55° N. Lat.) were killed by 
the first winter in Denmark, while at 
Boston plants from the same seedlot suf- 
fered no, or only very slight, frost dam- 
age. Recent, but as yet incomplete, 
experiments with @ plants 
treated with artificially prolonged day 
strongly that treatment 
prolongs the active period of growth 


borealis 


indicate such 
Southern races when grown at northern 
latitudes, or when with artifi- 
cially prolonged days, therefore show a 


treated 
greater seasonal height growth due to 
the prolonged period of active growth 
In Fig. 2 the growth rate at Boston of 
one-year-old seedlings from acorns of 
different latitudes is illustrated graphi- 
cally. The southern races are generally 
taller than the Iexcep- 
tions to this rule do, of 
which may be traceable to seed size and 


northern ones 
Course, OCCUl 
other factors 

Fig. 3 shows the relation between time 
of flushing and latitude of origin when 
Boston. It will be seen that 
plants of northern origin are the earliest 


yrown at 


- 


Fic. 2. Correlation between latitude of ori- 
gin and height growth of one-year-old seedlings 


grown at Boston, 1952 


1 | 
x 
3 
i. 
&. of 
Fic. 3. Correlation between time of flushing 


and latitude of origin when grown at Boston 


flushing, while those of southern origin 
ure late 

Cieslar (16) reported that continental 
ouk 
leaf 
southern races 


have a more colorful and 
fall 


races ol 


earlier than maritime and 
This has also been ob- 
served in red oaks and is probably com- 
mon in all deciduous trees occupying a 


wide natural range 


Summary 

The genus Quercus is represented by 
about 300 species in the north temperate 
zone, the American Tropics to Colombia 
and the Malayan Archipelago 
fication and nomenclature are 


(lass}- 


very 


fusing because of great intraspecific 
Variation in the genus Many of the 


Kuropean species have been divided into 
Varieties and 
probably of doubtful taxo- 


numerous forms, some of 
which are 
rank The naming of presumed 
natural hybrids has also added to the 
confusion. Natural hybridization within 
the sections is known to oceur, but the 


homic 


frequeney of hybrids in wild populations 
is low. In the fact that 
hybrids are fertile, hybrid swarms are 
relatively rare 


spite of most 
The role played by hy- 
difficult to 
assess due to the long time span between 


bridization in speciation is 


- 
E 
* 
umber of plant 
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yenerations. Hvybridity often occurs be- 
tween allopatric species in zones of range 
overlap, While hybridization between 
sympatric species may be rare 

Selection from wild stock has appar- 
ently been undertaken on a very 


in the United States and Canada 


small 
Selection of phenotypically superior 
trees and progeny tests Oo] such trees is 
underway in Europe with the objective 
of establishing seed plantations 

As « result of the irregular flowering 
habits of most trees and because of vari- 
difficulties 


terspecific hybridization has been under- 


ous technical controlled in- 


small seale 


The hybrids produced by Ness in Texas 


taken only on a relatively 
and by Pjatnitskii in Russia seem to in- 
that 
valuable 


dicate however, interspecific hy- 


brids may prove Future for- 


est-tree improvement Quercus will 
probably be concerned mainly with se- 
lection from wild stock and with intra- 
specific hybridization 
Vegetative propagation has 
difficult 


are impossible to root, but the 


been con- 


sidered rather Cuttings from 


older trees 


basal part of three- to four-year-old 
plants have been rooted with suecess 
Grafting presents no major problems 


and ean be done as well in the green- 


house as out-of-doors Inducement of 

early flowering by ringing or strangula- 

tion appears promising 
The diploid chromosome number ts 


how considered to be 24 in all (Juercus 


species investigated Irregularities in 
have been found in plants ol 
brid origin 

Progeny tests in Europe give evidence 
that 


rate and type ol photoperiodic reaction 


such characters as form, growth 


are strongly controlled by heredity 


Simple Mendelian inheritance of certain 


traits is known 


Racial differentiation is common in 


many species with a wide range, and 


there is evidence that physiological vari- 


ation is quite as common as morphologi- 
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cal variation Production of summer 
shoots and continuation of growth in fall 
as photoperiodic reactions is discussed in 
connection with results of recent experi- 


ments 
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Dehydrated Alfalfa Prevents Seale in Sea 


Water Eva porators 


The most economical method of obtaining potable water 


from sea water is distillation. 


This method would be 


more economical if scale formation in evaporators could 
be eliminated. The present article suggests a completely 
new and different approach to the problem of elimi- 
nating scale in sea water evaporators. 


HERMANN KARI 


Chemical Laboratories 


When is 
evaporated In an evaporator to produce 
distilled water, if known fact 
that the instrument soon becomes coated 


hard water or sea water 


is a well 


with scale. Industry tries to minimize 
this nuisance by “ blowing down ” 
half of the 
water in that manner 
the seale-forming 
“blow down 


or 
heated 
getting rid 
chemicals. This 
system does not entirely 


jecting one residual 
and 


of 


eliminate the sealing of evaporators 

It was noted that if pulverized de- 
hydrated alfalfa was added to water to 
be distilled, no seale lined the evapora- 
tor. A series of experiments showed that 
if 0.1% of dehydrated alfalfa was added 
to the water, scaling could be prevented 

This was first tested with two evap- 
orators in Waukesha County, Wisconsin, 
using the very hard water found in that 
locality The two 
operated continuously for 72 hours; 


evaporators were 
one 
was fed the hard water, the other was 
fed the hard water with 0.1% 
hydrated alfalfa The 50% “ blow 
down” principle was used with these 

At the end 72 hours 
the instrument fed the plain hard water 
was found to be heavily sealed, while 
the one that was fed the 


of de- 


evaporators of 


water contain- 
ing the alfalfa was scale-free 
Plant foliage is not commonly used as 


a boiler compound or as an anti-seale 


LOUILS ST 


tw 


CYR 
Varque tle 


JOSEPH WOCASEK 
Vilwaukesc 


University, 


compound, as deseribed in this paper. 
The patents that have been issued since 
1860 show that only one claims that de- 
hydrated plant 


In 


January 


foliage can prevent 
a patent specification, dated 
14, 1890, Erastus C. Noland 
claimed “ that a mixture of wheat straw, 
wheat chaff and thrashed wheat, if 
placed in a porous sack and hung in a 


boiler, would not only prevent seale, but 


scale 


would effectually remove the burned 
iron or inerustation from the boiler 
walls (1). 

The successful manner in whieh al- 
falfa prevented formation of seale in 
producing distilled water from hard 


ground water led to the evaporating of 
Water in evaporators. 
One was fed sea water, while the other 
Was supplied with sea water with added 
alfalfa. After a 144-hour run the evap- 
orators were shut down and dismantled 
Upon Inspection the evaporator supplied 


sen these same 


with plain sea water was heavily sealed, 
while the evaporator using water treated 
with alfalfa showed no evidence of scale 
The problem that presented itself was 
to find the component or group of com- 
ponents present in alfalfa that prevented 
formation when water with 
large amount of dissolved mineral mat- 
ter was distilled with a 50% 
system during the distillation. 


of scale 


blowdown 


tek 
j 
3 
ta: 
he 


DEHYDRATED 


The quantitative experiments used to 
prove the scale-preventing properties ol 
the various components of alfalfa were 
A deserip- 
procedure 


very simple, yet conclusive 
tion of the experimental 
follows: 

A numbered plate of Admiralty metal, 
an alloy of 70% copper, 29% zine and 
1% tin, used in sea 
evaporators, Wits bent intoa =~ shape 


commonly water 
Before bending, the dimensions of the 
plate were 6.5 by 10.5 em. The plate 
was cleaned with acid, washed with dis- 
tilled water and boiled repeatedly in dis- 
tilled water until its dry weight became 
within two tenths of a milli- 
gram. The plate was then placed in a 
1000-ml. beaker in such a manner that 
the wide surface of the plate Was not in 
contact with the bottom of the beaker 
700 mil. of put in the 
beaker. The sea water used was arti- 
ficial, since the natural sea water availa- 
ble was greatly contamimated with iron 
hydroxide. The formula of Brujewiez 
(Subow 1931) was used (2). 

The beaker was heated until 350 mol. 
of water had evaporated, the remaining 
water Was siphoned off and a fresh vol- 
ume of 700 ml 
In this way was 
simulated, Ten 
were conducted 
end of ten boilings, 
moved, washed 


constant 


sca Water were 


of sea water was added 
the 50% blow 
boilings of this kind 
test. At the 
the plate Wis re- 
with distilled 
dried and weighed. Any gain in weiglit 
would be the seale formed while 7000 
ml. of sea water had been concentrated 
to 3500 ml. Any loss in weight would 
be due to corrosion of the metal. In the 
rest of this paper this method will be 
referred to as the ten boiling seale eyele 

Treatment of the for the 
various tests was made to simulate re- 
ported conditions with regard to dehy- 
drated alfalfa. To secure a 0.1% con- 
centration, 0.7 g. of alfalfa or an amount 
of a derivative of alfalfa equivalent to 


down 


for each 


water, 


sea Wuter 
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0.7 g. of alfalfa was added to each 700 
inl, of sea water. 

To determine the active component ot 
alfalfa various hypotheses were made 
initially and these hypotheses were then 
tested 


Hypothesis I 


DEHYDRATED ALFALFA IS OF NO VALUE 
IN PREVENTING SCALE FORMATION 

This hypothesis was tested to settle 
any questions concerning the claims for 
alfalfa based on the work completed on 
the evaporators in Waukesha 
County previously Ten 
cycles of evaporation were conducted on 
water without treatment with 
falfa, and ten eyeles with sea water hav- 
ing a 0.1% concentration of alfalfa 

Plate 5 was used with untreated sea 
water; plate 6 with sea water contain- 
ing 0.1% powdered alfalfa. 


two 
mentioned 


seu al- 


Plate Original Final 


No Weight Weight Result 

5 59.1087 0.03854 
seale formed 

6 74.9923 0.0127 ¢ 


loss of metal 
Hypothesis rejected, 


Hypothesis II 


ApbpITION OF ALFALFA LOWERS 
rue PH OF SEA WATER TO SUCH AN EX- 
TENT THAT DEPOSITION OF SCALE IS IM- 


POSSIBLE 

To answer this the pH of the solutions 
used in testing hypothesis I was meas- 
ured at various times with the following 
results 

a) Original sea water, pH 7.2 (subse- 
quent tests on other samples of untreated 
sea water showed that the pH varied 
from 6.8 to 8.3) 

b) Sea water evaporated to half vol- 
ume, pH 8.2 (subsequent evaporations 
showed that this value varied from 7.9 
to 8.2). 


iq 
7 
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c) Sea water with the alfalfa, pH 6.6, 
this water evaporated to half volume, 
pH 78. 

A value only slightly below 7 does 


not indicate any practical acidity so 
that the value of 6.6 for the alfalfa- 
treated water is not significant Fur- 


ther, subsequent tests showed that a pH 
of 6.5 is not effective in preventing scale 
Hypothesis rejected, 


Hypothesis III 


THE VALUE OF 
MINERAL CONTEN' 


ALFALFA IS DUE TO ITs 
200 grams of alfalfa were ashed, yield- 
ing 14.5 mineral 


indicating a 7.25% ash content 


substance, 
Hence 
0.0508 gram of ash are equivalent to 
0.7 gram of alfalfa. This amount of ash 
was added to each 700 ml 
used in the test. Ten eyeles of evapora- 
tion were undertaken. 
heavy after five eyeles that evaporation 
Since the ash is alka- 
line, the pH of the treated water before 
evaporation Was slightly alkaline, though 
not seriously Before evaporation the 
pH was 8.1; after evaporation to half 
volume, 8.7 


grams ol 


Ol sea Water 


The scale Was 80 


Was discontinued 


Hypothesis rejected. 


Hypothesis IV 


THE VALUE OF 
OIL, OR OIL-LIKE WHICH PRE- 
VENTS THE SEA WATER DEPOSITING, 

25 grams of alfalfa were placed in a 
closed container and soaked with 200 
ml. of ethyl ether After 24 hours, the 
extract was decanted and diluted to 360 
mil. with more ethyl ether. Thus 10 ml. 
were equivalent to 0.7 gram of alfalfa 
This was a dark green liquid and con- 


ALFALFA IS 
SUBSTANCE 


DUE TO AN 


FROM 


tained, besides chlorophyll, any oils ot 
fatty organic substances present in the 
alfalfa. In addition, certain other com- 
ponents may have been extracted The 
residue the extraction dried 
and saved: if Was a green powdery Mia 
terial 


from Wis 


Boiling eyeles were conducted; 


BOTANY 


in one Instance the sea water Was treated 
with 10 ml. of the ether solution, in the 
with 0.7 the eX- 
tracted alfalfa. 


other gram of green 
Plate 0 was used in the water treated 
with Plate 1 
was used in the water treated with 0.7 
gram of the extracted alfalfa residue 


the ether solution, while 


Plate Original Final Result 
No Weight Weight 
0 716221 ¢ 71.7455 ¢ 0.1234 g 
scale formed 
710122 ¢ 70.9824 g 0.0298 
loss of metal 
Hypothesis rejected. 
Hypothesis V 
THE VALUE OF ALFALFA IS DUE TO A 
SUBSTANCE WHICH IS A COMBINATION OF 
MINERAL AND ORGANIC PARTS, PROBABLY 
OF THE NATURE OF A SOAP. 


25 grams of alfalfa were placed in a 
closed container with 200 ml. of 95% 
ethyl aleohol. The residue was dried 
and saved; it Was a gray-green powder. 
The aleohol solution was a light green 


liquid. The boiling cycles were con- 
ducted; in one set the sea water was 
treated with 10 ml. of the aleohol-ex- 
tracted alfalfa. 

Plate 8 was used in the sea water 


treated with the alcohol solution, while 
Plate 9 was used in the water treated 


with the extracted alfalfa 
Plate Original Final 
No Weight We ight Result 
57.1087 57 3725 0.2638 
scale formed 
9 71.99020¢. 749893 ¢ 0.0027 


loss of metal 
Hypothesis rejected, 


Hypothesis VI 


THE VALUE OF 
STANCES WHICH 


ALFALFA IS DUE 
ARE ESSENTIALLY 


st 
INSOLLU- 


— 


DEHYDRATED 


BLE IN 


TYPICAL SOLVENTS 
WHICH ARE SOLUBLE IN WATER. 
The first part of the hypothesis was 
proven by the results of tests under hy- 
potheses:) 4 and 5. 25 grams of alfalfa 
were placed in a closed container with 
200 mil. of distilled water and stored at 


ORGAN It BUT 


60° ©. for 24 hours. The extract was 
decanted and diluted to 360 ml. with 
water The residue was dried and 
saved; it Was a green powder. The 


water extract was a light brown liquid, 
The boiling cycles were conducted; in 
one set the sea water was treated with 
10 ml. of the water extract and in the 
other the water treated with 
0.7 gram of the extracted alfalfa 

Plate 10 was used in untreated sea 
water; plate 19, with sea water con- 
taining 0.1% of water extracted alfalfa; 
plate 13, with sea water treated with 10 
ml. of aqueous extracts of alfalfa 


sCu Wiis 


Plat« Original Final R 
No Weight Weight oman 
10 74.5909 g 74.6329 g 0.0420 ¢ 
scale formed 
19 72.6736 72.6566 OOL70 
loss of metal 
13 716440 71.6804 g 004M 


scale formed 


Hypothesis rejected. 


Hypothesis VII 


THE VALUE OF ALFALFA IS 
WATER-SOLUBLE INGREDIENTS 
COLLOIDAL ACTION. 


DUE TO ITs 
AND THEIR 


Hypothesis VIII 


THE VALUE OF ALFALFA rH 
MECHANICAL ACTION AND ABRASIVE ACTION 
OF SUSPENDED FIBERS, 

Plate 11 with sea water 
treated with 0.7 g. of alfalfa encased in 
a porous plastic bag to prevent any fib- 
Plate 
7 was used in sea water treated with the 
0.7 g a collodion 
bag to eliminate colloidal action 


Is DUE TO 
used 


Was 


rous abrasive action on the metal. 


of alfalfa eneased in 
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Plate Original Final 
sult 
No Weight Weight Resul 
loss of metal 
7 72.7770 8 72.7702 g 0.0068 g 


loss of metal 


It is readily seen that abrasion and 
colloidal action play no part or, at most, 
a very small part in preventing seale, 
The fact that the amounts of metal loss 
were smaller than usual can be explained 
by the fact that the bags, used to encase 
the alfalfa, floated on top of the boiling 
water; this prevented good contact be- 
tween the alfalfa and the water. 
perfect extraction of active component 
resulted. 

It is further seen that the active com- 
ponents of alfalfa must b@ soluble in salt 
solutions, in slightly bagfe salt solutions 
(since sea water is alkafine). 

Last part of Hypothesis 7 rejected. 
Hypothesis 8 rejected. 

To check the first part of hypothesis 
VII, two 10% solutions of sodium ehlo- 
ride were made up, Solution #1 had a 
pH of 7.0; solution #2 was adjusted to 
a pH of 8.3. 
to extract alfalfa at a temperature of 
100° ©. The amount of extract used in 


each case Was such as to give an effee- 


Less 


These solutions were used 


tive concentration equal to a 0.1% con- 
centration of raw alfalfa. Plate 8 was 
used in the sea water treated with the 


neutral salt water extract of alfalfa; 
plate 16 was used in the sea water 
treated with the basic extract 
Plate Original Final 
sult 
No Weight Weight Resul 
16 T5AAST T5ASTS 0.0091 ¢ 
scale formed 
73 8807 73.3872 0.0065 
scale formed 
Although there was no loss of metal 


when the saline extracts were used, as 
alfalfa 


there was when raw was used, 


76 ECONOMKK 
the active factor 
ble, the the 
formed, 9.1 and 6.5 mg., compare favora- 
bly with the weights of seale formed by 
(35.4 an! 42 ing.). 
The fact that this small amount of seale 


seems to be salt-solu- 


since Weights of seule 


untreated sea water 


formed can be ascribed to incomplete 
extraction of the active ingredient from 
the alfalfa 

The fact that the anti-seale factor 
was soluble in neutral salt solution 
night be an indication that it is a pro- 
tein or a polypeptide of the globulin 
Class. Further tests supported this sup- 
position. For example, a light brown 


amorphous solid was preeipitated from 
the neutral salt solution by adding alco- 
hol 
caused precipitation, forming a dark yel- 
low amorphous solid which was probably 
the metal The 
formed had 
and 


organic solvents 


The salts of the he avy metals also 


protemate 
th 
Wis 


precipitate 
by alcohol no melting 
water and 
It could be redissolved 
salt solution, only with diffi- 
culty, indicating that denaturation took 
place during coagulation 


It was desired to test the material ob- 


poimt insoluble in 


ma 


tained from the salt solution extract of 
alfalfa by precipitation with alcohol, in 
spite ol the fact that the protein seemed 
to have been slightly denatured in the 
process of obtaining it. Accordingly, al- 
falfa was extracted with hot 10% sodium 
chloride extract was al- 
lowed to cool and an equal volume of 
ethyl aleohol was added 


solution: ihe 
The gelatinous 
precipitate thus obtained was separated 
from the mother liquor by centrifuga- 
tion, It was dried in a desiccator, and 
five grams were placed in 200 ml. of 
10% sodium chloride solution 
terial was only slightly 
upon prolonged standing. 


The ma- 
soluble, even 
The anti-seale 
properties of this solution were tested in 
the usual boiling eveles. 20 ml. of the 
solution, along with the suspended par- 
ticles of undissolved material. 
added to 700 mil. of sea water 


were 


BOTANY 

Plate Original Final 

No Weight Weight Re ult 


scale formed 

In view of the small amount of seale 
formed (5.9 mg. compared to 42 mg. and 
35.4 mg 
was concluded 


from untreated sea water), it 
that this 
tained might be the anti-seale substance 
of alfalfa, but had 
somewhat lessened by the action of the 


material ob- 


its properties been 
aleohol used to bring about its isolation. 

fesults of both the qualitative and 
quantitative tests with alfalfa indicated 
that only a small amount of the active 
component Was necessary to afford scale 
prevention and that a concentration of 
0.1% alfalfa was far in excess of require- 


ments. As a preliminary test of the ex- 


_ tended activity of alfalfa before exhaus- 


tion, it was decided to conduct boiling 
tests in which 350 ml. of additional sea 
would be added to the 350 ml. 
alfalfa-containing residue and evapor- 
ated to half volume, this to be continued 
until a noticeable seale had formed. Ae- 
cordingly 700 mil. of sea water contain- 
ing 0.7 g. of alfalfa were evaporated to 
350 ml. and observed for scale. Then an 
350 untreated 


water Was added and the evaporation re- 


water 


additional ml. of sea 


peated. Results showed that no noticea- 
ble seale had formed until the fifth addi- 
tion of sea water had been evaporated. 
During the last evaporation a heavy de- 
This 


indicated that, even without blowdown, 


posit of seale suddenly formed. 


a concentration of raw alfalfa as low as 


0.035% was effective in preventing scale 


Conclusions 
1. Sea water deposits scale when it is 
evaporated in an evaporator with a 50% 
blowdown. 
2. Addition of 0.1% of dehydrated al- 


falfa to sea water will prevent forma- 


| 

| 

ni 

é 

es, 


DEHYDRATED ALFALFA 


tion of scale in an evaporator with a 
HO” 

3. Addition of 0.1% 
greatly alter the pH of sea water; there- 
fore, this cannot be used to explain the 


blowdown. 


alfalfa does not 


prevention of seale 

4. The ash of alfalfa does not prevent 
formation of scale. 

5. The ether-soluble portion of alfalfa 
does not prevent scale formation. 

6. The aleohol-soluble portion of al- 
falfa does not prevent scale formation. 

7. The ingredients of alfalfa soluble 
in distilled water do not prevent seale. 

8. The ingredients of alfalfa soluble in 
neutral in alkaline 
saline solution do prevent scale forma- 


saline solution and 


As 


Utilization 


African Oil Palm. has been estimated 
that a 34% increase in world production of 
vegetable oils and fats will be needed to meet 
the demands of increased population by the 
vear 1960. One of the most promising and 
as yet relatively unexploited sources of such 
oils is the African oil palm (Elaeis guineen- 
sis) which, under favorable conditions, vields 
up to the almost fantastic total of two tons 
of oil per acre This palm grows naturally 
in tropieal Afriea from the French colony ot 
Senegal to the Portuguese colony of Angola, 
especially in the coastal belt of 100-150 miles 
depth from Sierra Leone to the Cameroons 
In this region palm oil is an important part 
of the African’s diet, consumption of it in 
this respect amounting to 100 pounds per 
head per annum in some districts of Nigeria 
Exports of the oil from West Africa consti 
tute a true surplus, available only after do 
mestic have been satisfied 
Only 
plantations; most 
trees; and in the 
1951, production of the oil 
200,000 tons. In 1910 the palm was intro 
duced into the Far East, and since then plan 


requirements 
a little of the crop is harvested from 
of it from 
Belgian Congo alone, 


comes wild 
in 


imounted to 


tations there have been developed to such a 
that that vear 1940, 
annual exports the from 


between and 


degree 
combined 


of oil 


\ 77 


SCALE PREVENTIVE 


tion but not to the same extent as does 


raw alfalfa 
9. The prevention of seale is not 
caused by the abrasive action of the 


fibers of the plant or by any colloidal 
action, 

10. The aleohol-preeipitated material 
from «a neutral saline extract of alfalfa 
does possess seale-preventing properties 

ll. A concentration as low as 0.035% 


of alfalfa with no 50% blowdown will 
prevent formation of seale when sea 
water is distilled 
Literature Cited 
1 Noland, KE. C U.S. Patent 419470, Jan. 14 
1800 
2. Sverdup, H. V., Johnson, M. W., and Flem- 
ing H The oOcennes 1946 Ip 186 
Abstract 
Sumatra and Malava grew from zero to 
nearly 300,000 tons 
Numerous varieties of Elaeis quineensis 


have been deseribed, differing principally in 
the thickness of the kernel shell which is sur 
rounded, when the fruit is ripe, by the oil- 
containing and comparatively soft) pericarp 
On this the main forms are distin 
guished as varieties dura, macrocarya pisif- 
era and tenera 

In West Africa extraction of the oil con 
sists of first boiling and pulping the fruits, 
then pressing the oil out of the pulp and 
finally removing the nute the fibrous 
material. On the modern large plantations 
in Malaya, Indonesia and the Belgian Congo, 
where up 20,000 fruit may 
handled per vear, the sequence of operations 
a) sterilization the fruit 
branches, b) mechanieal separation of fruits 
from the bunches, c) digestion of the fruit, 
d) the oil in a centrifuge or 
press, ¢) washing the crude oil, f) purifies 
tion of the washed oil, g) separation of nuts 
ind pericarp h) drying the nuts, 
cracking the nuts, j) separation of kernels 
and fragments of shell, /) drying the kernels 
Utilization of kernels is less profitable than 
that of oil from the pulp. (Miss R. M 
Johnson and W. D. Raymond, Colonial Plant 
and Animal Products 14. 1954) 
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Cultivation of Peppermint in Florida’ 


In this comparative study of cultural, morphological and 
histological characteristics of species of Mentha growing 
in that State, it is concluded that extensive cultivation 
of the herb there would not be commercially profitable. 


GEORGE M 


Alabama Polytechne 


LEROY D 


Purdue 
Introduction 
Peppermint is the most important 


medicinal and 
matic plants used in the drug, food and 
cosmetic industries if total acreage under 


among cultivated “aro- 


cultivation throughout the world is re- 
garded as the sole criterion of impor- 
In the United States the herb has 
long been cultivated on a commercial 
scale in Oregon, Washington, Michigan 
and Indiana ?, and many persons have 
wondered whether this plant, which 
grows so profusely in those States, might 
make better growth in the 
year-round milder climate of Florida, 
and whether it might not become a com- 
mercially profitable crop for that State. 
Results obtained from greenhouse culti- 
vation and field trials, as well as experi- 


tance 


not even 


ences reported by others, now permit a 
fairly definite answer in the negative to 
this question and are presented in this 
article 


1 This article, the fourth in a series on Florida 
mints, is based on research with the College of 


Pharmacy, University of Florida, Gainesville, 
and on a paper presented before the Florida 
Academy of Sciences, Annual Meeting, Nov 
21, 141 That paper has been thoroughly 
revised for publication here 

14 Deceased Oct, 28, 1954 

2 Considerable data on the oils from these 


States and from Ohio and California are con- 
tained im the 


article by and Stevenson 


Inatitute, 


HOCKING 


Auburn, Alubama 


AND 


Univeraty, Lafaye ite, 


DWARDS 


India na 


World Production 


In 1930, 1,272,000 kg. (2,804,760 Ibs.) 
of crude peppermint (i.e., the singly dis- 
tilled volatile oil, which is the chief 
commercial product) were produced 
throughout the world on a cultivated 
area estimated as at least 110,000 acres, 
assuming an average of about 25 Ibs. of 
oil per per annum (28). Of this 
amount, the United States furnished ap- 
proximately one-third (400,000 kg. or 
882,000 |bs.), grown about 40,000 
’ The latest figures available for 
world production of peppermint oil are 
for the year 19384. They indicate a total 
production of 1,328,500 Ibs., of which the 
U.S.A. furnished 55.1%; Soviet Russia, 
24.8% ; Bulgaria, 10.8% ; and the balance 
(9.3% ) was divided among Italy, China, 
Hungary, Roumania, England, France 
The figure for 1930 
is higher because it includes the very 


acre 


on 
acres 


and other countries. 


%In Germany, a few years back, species of 
Ventha (especially peppermint) occupied about 
206% the total area devoted 
and spice plant cultivation (5) 


4 An effort was mace 


ol 


to medicinal 


to obtain more recent 
figures on world production of peppermint oil, 


but the U. S. Departments of Agriculture and 
Commerce, the Food and Agriculture Organi- 
zation of the United Nations, as well as 


Fritzsche Brothers and other commercial firms 
were all unable these data. This 
deficiency of intelligence appears rather amaz- 
ing in view of the large size of this industry 


to prov ike 


: 
| 
; 
| 7a 
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large Japanese peppermint oil produc- 
tion. 

There are indications that subsequent 
production quantities are considerably 
greater than those for 1938. Thus Ar- 
gentina produced 44,092 Ibs. in 1947; 
Brazil, 2,200 Ibs. ca. 1943; Italy, up to 
110,000 Ibs. in recent years; Morocco, 
11,000 lbs. in 1946; Roumania, 22,000 
lbs. in 1940; while in 1946 the U.S.A, 
far exceeded the total world production 
of 1938 by bringing forth in that year 
1,620,000 Ibs. (15) Total production of 
the U.S.A., Italy and Roumania in these 
later years was up to 1,752,000 I|bs., 
whereas the same countries in 1938 pro- 
duced only 816,700 Ibs. It is quite pos- 
sible that total world production today 
is double that of 1938 °. 


Geographical Distribution of 
Cultivation 


Peppermint is grown over a considera- 
ble range of latitude. Thus the plant 
has been reported to thrive in the Lenin- 
yrad area of the Soviet Union (22) and 
almost anywhere in the coastal regions 
of Alaska (12), both regions being at 
about 60° N. Lat. With suitable pro- 
vision for shelter and exposure to sun- 
light, peppermint can be successfully pro- 
duced even in interior Alaska, almost to 
the Aretie Circle at 66.5° N. Lat. (12) 
At the other extreme, successful cultiva- 
tion of this plant has been reported in 
Kenya, East Africa, on the equator 
(23); and details of cultivation near 
Bangalore, India (13° N. Lat.), are 
available (25) 

Although it is beyond the seope of 
this paper to discuss yields and qualities 
of peppermint oils produced in different 


5 It is often difficult to determine precisely 
which peppermint oil is referred to in com- 
mercial, industrial and statistical publications, 
since all too often the true peppermint, the 
altogether different Japanese peppermint, and 
the cornmint oils (the latter dementholized 
Japanese peppermint oil) are not distinguished 


countries and at different latitudes, it 1s 
worthy of note that, in general, both the 
free and ester menthol content, and 
hence the aromatic properties and value, 
increase proportionately as higher lati- 
tudes are reached, This point is illus- 
trated by analyses of peppermint oils 
from different latitudes, chosen at ran- 
dom. Thus an oil from the Jordan Val- 
ley in Palestine (Israel) (ca, 33° N. 
Lat.) was reported to contain only 
12.9% total menthol, of which 5.57% 
Was ester; the odor was strongly reminis- 
cent of pennyroyal and might suggest 
mistaken identity (26). In contrast, 
oils produced in Poland (ca, 54° N. 
Lat.) showed 48.17-68.18% total men- 
thol, with 6.25-140% menthyl esters 
(30). On the other hand, Fahmy et al. 
(10) reported total menthol figures rang- 
ing from 46.32 to 58.0% and menthyl 
ester values from 6.82 to 15.6%, using 
peppermint oils produced in northern 
Kgypt (ea. 30° N. Lat.) 

The elimatie and soil preferences of 
peppermint may best be judged from a 
consideration of the areas in whieh it 
is most widely cultivated, Such data 
indicate that the plant grows best in 
‘continental’ and modified “ continen- 
tal ”’ types of climate as contrasted with 
‘insular’ climates. Large-seale culti- 
vations are carried on profitably in the 
United States (especially Oregon, Wash- 
ington, Michigan and Indiana), the 
USS.R., Canada, Argentina, England, 
France, Italy, Poland, Germany, Rou- 
mania, Bulgaria, Hungary, Latvia and 
Morocco. Production in North America 
is thus largely conducted in the humid 
continental and oceanic climatic zones; 
that in Europe in the cool temperate, 
oceanic and Mediterranean types of cli- 
mate, in which continental conditions 
are strongly modified by marine influ- 
ences. In general, from what is availa- 
ble, it would appear that peppermint is 


best adapted to a fairly cool, wet spring 
and a warm, dry summer, 


is 


BO ECONOMIC BOTANY 
Cultivation in the Southern permint was said to have been intro- 
United States duced into the southern States, where 


good crops were reported, although no 
oi! had appeared on the market. Curry 
(8) said that Tennessee was a most fa- 


A few reports on peppermint cultiva- 
tion in the southern United States have 
appeared in the literature In 1869, vorable location, and Long (21) claimed 
Porcher (24) stated that the mints (in- to have grown peppermint (and spear- 
cluding peppermint) flourish in the successfully and with excellent 


Southern States: “the essence and mint yields at Sherman, Texas (Lat. 33.5 

water can be extracted in any quan- N.), According to Glenk (13), experi- 

tity”. In 1881 the cultivation of pep- mental plantations on reclaimed land 
TABLE I 


Recon or Perrenming Crops av THe Mepictnar 
UnNivensity or 1927-1942, Incisive 


Date of Variety Fertil- 
Distilla- of (if or ireen in Ibs Stand of Mediei- 
: ‘ Pepper- No. of Herb Crreen nal Plant 
mint Rows Herb) Acre Garden 
1927 IX 27 english No d ita H W We met 
1928 New stock introduced—no cutting or distillation H. W. Werner 
1929 No data on True Peppermint H. W. Werner 
1930 
1931 IX-23-41 English Not 0.062 acre 140 2240 L. D. Hiner 
(Oregon) stated 
1032 VIII-12-32 English 5-7-5 at OOAL acre 316 7707 Ciood D. Hiner 
Jat cut- (Oregon) 292 Ibs (6 rows) Reset 
ting) per acre; 2-23-32 
ippl 
19335 English 5-7-5 at 0.136 acre No data Very poor, L. D. Hines 
(Oregon) 221 Ibs (20 rows) Plants set 
per acre ; in field 
appl 
1-18-33 Up by 
5 8-33 [11-23-33 
1034 Plants set out [V-10-34; up IV -24-34 No data Fai R. S. Justice 
1935 to No data kK. J. Treland 
1039 
incl 
140 VIII-?-40 Very Johnson 
little * 
141 VIl-22-41 Nitrate 0.126 acre 328 2603 Fai CH. Johnson 
of Soda 4 
158 Ibe 
per nere 
142 \ Il " 1-7-5 at 0.126 acre 365 2807 te H Johnson 


704 Ibe 


per acre 


* Much rain in July, Plants standing in water for long period, defoliated, mostly stems dis- 
tilled Plants about 18” high 
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TABLE Il 


Recorp 
UNIVERSITY OF 


Variety 
of 
Pepper- 
mint 


Volum 
of Onl 
In 


Spec 
Oil /25° C 


1931 English 70 (0.92) 
(Oregon) 

1932 English 630 QS8974 
(Ore gon) 

1933 

1939 incl 

1940 About 20 

1941 


1942 


Louisiana (29° 45’ N 
Lat.), were not successful because of the 
poor quality of oil produced. He blamed 
this on contamination with odoriferous 
weeds which were most difficult to keep 
It is said 


near Raceland, 


from growing with the mint. 
that this same faetor, among others, dis- 
couraged cultivation in California. The 
high hopes held out for the industry 
there 1927 have declined, 


there is said to be at 


about and 


present no com- 
mereial production ®, 

As far as 
cultivation of 


could be determined, no 


commercial mint species 
exists at present in the State of Texas 
According to Prof. C. C. Albers (Unis 
of Texas): 

* About 20 years ago there were about 
100 acres of peppermint under cultiva- 
tion in Galveston County, Texas, but | 
am unable at this time to obtain any in- 
additional to 


formation newspaper ac- 


counts of the status of the farm. I am 
of the opinion that it is no longer in pro- 
duction ” 


* About two years ago I attempted the 


offies of 
Univ. of 


6 Personal communications from the 
the Director, Coll ge of Agriculture 
California, and from R.C. Baines, Indiana Agri- 
cultural Experiment quoting W. W 
Robbins, Davis, California 


Station 


PerrerMINT Propucep at THE 
FLORIDA 


We ight 
of Oil 
in Gm 


64.0 


565.0 


About 20 


, 342.2 


(648.0) 


Mepicinar PLAN? GARDEN 


1929-1942, INCLUSIVE 


Yield of Vol. Onl 


% Yield per Acre (lbs) 


on Green Miscel- 

Herb laneous 
Per Per 

(W/W) Harvest 


Annum 
0.101 


0.395 


No dat 


Negli- 
gible 
0.230 
039 


Negli- tootnote 
gible Table I 
5.9 5.09 

11.35 11.35 


spearmint and 
in the medicinal 
plant garden the University. 
There was fair growth of all three spe- 
cies during the first year or two, but 
thereafter all died. The summer months 
are too hot and dry for these plants to 
survive without much watering and care, 
It may be that the root rot which is very 
destructive to the cotton plant through- 
out the black land belt of Texas may 
have been responsible, at least in part, 
for the death of mints”, (Per- 
sonal communication, Jan. 15, 1947). 

It has been suggested (3) that the 
irrigation distriet of the Lower Rio 
Grande valley might be a good location 
for mint cultivation 


growing of peppermint, 
Japanese peppermint 


here at 


these 


Experimental Cultivation in Florida 


Plant 
Florida 
peppermint 
Information 


records of the Medicinal 
Garden of the University of 
(29° 40 N. Lat.) ineluded 
for the first time in 1927 
on cultivations beginning that 
given in Tables I and II 

The 
of the 
been grown is for the most part Blanton 
Sand (formerly called Alachua 
Sand), with admixture of 


soils A 


The 


soil in the cleared eastern area 


Garden where peppermint has 
Fine 
Fine 
other 


representative sample 


- 
ce 
eat 
304 304 
— 
RG 


from the  peppermint-planted 
showed a pH of 5.94 (fall, 1940) 


area 


Phis 


soil allows fair to good natural drain- 
age, but is considered poor for truck 
crops. The practice has been to replant 


peppermint every year or two, alternat- 
ing it with other medicinal plants and 
with Crotalaria species. 

1927: In the spring, English pepper- 
mint 
pro parte Huds. var. officinalis Briquet) 
was planted in the south end of the Gar- 


(presumably Mentha jiperita L. 


den tract just acquired; it was trans- 
planted about July 10 because of the 
unusually dry season. By the time of 
cutting it had formed a good stand 
“Roots” (runners) were recorded as 
“fairly good”. By September 23. the 


plants were the effects of 
drought, but expansion of the stand was 
evident. American peppermint (which 
is said to be a form of Mentha piperita 
standing between var 
W. Meyer (var. citrata Briq 
and var Brig.) was also 
grown, but not in sufficient quantity to 
distil. 


showing 


curiodora G. 


calophylla 


1928: About January all mints in the 
Garden were winter-killed—probably in 
part on account of the extreme drought 
New stock was obtained from the Bu- 
reaus of Plant Industry (U.S.D.A,, 
Washington, D. C.), and this was trans- 
planted to a new location about April 1; 
it Was allowed to spread and form plenty 
of rootstock during the year This stock 
of “ American Peppermint " from Wash- 
ington, D. C., which produced “ abnor- 
mal’? peppermint 1929-1931) 
was later shown by one of the authors to 
be actually a clon of the Mentha arven- 
sis complex, probably M. canadensis 1.., 


oils (ea 


TIdentity of the variety and form of the 
Garden peppermint could not be definitely 
established, due to inadequacies of the litera- 
ture The classifications indicated are based 
on the key of Sching and Keller, “ Flora der 
Schweiz 
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most commonly known as “ American 


(Wild) Mint” (18) *. 
1931: A very dry year, especially 
towards fall. toot stock of english 


mint obtained from Oregon was planted 
in the late spring. The stock behaved 
much did the so-called “ American 
peppermint ” from Washington, D. C 
1.e., the plants were inclined to lodge (or 


as 


become procumbent) and hence were 
difficult to harvest. 

1932: This was another dry year. 
The Oregon peppermint proved to be 
low-growing and late in coming into 


bloom, so that only the first crop could 
be harvested, No records were made of 
the other “ peppermints ”’, 

1934: An unfavorable season because 
a long dry period until mid-April, 
followed in late April and May by heavy 
rainfall. Hot sun then sealded the moist 
vegetation. Oj] distillation was not 


of 


re- 
corded 

1941: Only one cutting was made, this 
in late July. As usual for north Florida, 
there were a dry spring and damp sum- 
mer, the reverse of what appear to be 
optimum conditions for growth of pep- 
permint 

1942: This was the last year that pep- 
permint distilled here. The area 
was replanted on April 3, 1942, using 100 


Wits 


lbs. of 4-7-5 fertilizer on the 0.126 acre 
plot 

Further information on the experi- 
mental growing of peppermint in Flor- 
ida is contained in letters received by 


Thus Mr. 8. C. Hood, who 
did experimental work for the U.S. De- 
partment of Agriculture about 40 years 
ago, first at Huntington, then at Orange 
City and finally at Orlando, Florida, 


the authors 


The error in 


findings for “ peppermint 


* Prof. Carl H Florida) 
“We have about given up any hope of 
doing anything with this oil 
1947) 


Classification led to fallacious 
oil 


Johnson (Univ. of 


(Personal com- 
tunieation 


: 

“4 

ay 
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wrote that most of the Mentha species 
he dealt with “ seemed to suffer from the 
heat of summer or from sun seald dur- 
ing the rainy season”. Mr. W. A. Will- 
son, formerly associated with the Pen- 
ney-Gwynn Corporation, described the 
results of experimental growing of pep- 
permint in the vieinity of Penney Farms, 
Florida, as follows: 

“From a commercial standpoint, it 
The plants grew well 
enough but the stems were so weak and 
spindly that they would not stand up 
during our summer rainy season and as 
a result the whole patch flattened to the 
ground and was beaten into the sand 
by the hard showers. We planted the 
mint on one of the richest plots of land 
we had but the did not 
strong enough to withstand the rains ” 
(Letter of Nov. 5, 1941). 

Peppermint has also been grown ex- 
perimentally at various times in the 
Everglades. The United States Sugar 
Corporation at Clewiston, Florida, cul- 
tivated peppermint (using stock from 
the Medicinal Plant Garden of the Uni- 
versity of Florida) in the Iiennium 
1935-6. Five plots of 1/300 acre each 
were used, and the average of all (total- 
ling 1/60 acre) taken. The field data 
nre presented in the table below: 


Was not @ success 


stems grow 


Yields per Aer Yields 
Percent 
ot Green 


Herb 


Volatile 
Oil Cbs 


Herb 


VII-22-35 
Planted 

VII-7-36 
Harvest | 

X-15-36 
Harvest I] 


10.66 tones 
21.320 
6.56 tons 
13,120 Ibs 


Subsequent to harvesting, the stubbles 
[bases of plants] died out. This sug- 
gested that one crop annually might be 
The soil 
mineral muek 

willow-elder 


better practice for this area 
‘ intermediate 


called 


was an 


type, commonly 


PEPPERMINT IN 


FLORIDA &3 
soil’. Fertilizer was applied in amounts 
per acre of 200 lbs of muriate of potash, 
60% KO; 200 Ibs. superphosphate, 19% 
P.O;; 50 Ibs. CuSO,:7 Ibs. 
MnsQ),. In this early experimental work 
the plants did not appear to lodge exces- 
sively. Analysis of the volatile oils ob- 
tained showed a strikingly inferior oil, 
reminiscent in and 
stants of that reported from plants at 
the University of Florida (18): 


composition con- 


Usual Com- 
mercial Oils 


Clewiston 

Charneteristy Oils * 

lin 2 vols 
0.60 


0910-0020 
lin 2to 5 vols 
Less than 1 


Sp. C 

Soly. in 700% al 

Acid number 

ister (as menthyl 
wetate) 6.01% 

Combined menthol 174 

Free menthol 28.66 

Total menthol 33.40 1863 


* Determinations made by M. 8. Lowman, 


USDA 

Dr. B. A. Bourne stated that: “at the 
present time no commercial plantings of 
exist in the 
The only commer- 
cial essential oil still in the Everglades 
built at Clewiston 


peppermint or 
Everglades 


spearmint 


region 


is the one we 
It is obvious that the Everglades plan- 
tations of mints were not successful 


Yield of Herbage 


Peppermint herb as such is used to a 
limited extent in this country, and the 
largest if actually not the entire amount 
is Obtained from wild plants in North 
The 


from cultivated areas in the U 


Carolina productions 
S.A. seem 


to be used entirely for volatile oil pro- 


herbage 


duction, since the economic returns are 
higher from the oil. In Enu- 
rope, on the other hand, the herb is con- 
sidered of 


so much 


Outstanding importance for 


1 Personal commun. from B. A. Bourne, 


Chief of Agr Research, now Vice Preside nt, 
S. Sugar Corporation 
20 and No 


Clewiston, Fla 
19, 1941; Jan. 9, 1948: Jan. 


™ pt. 


1951. 
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the preparation of infusions teas ”’), 
&c., and a large share of the cultivated 
peppermint produced there is used in 
preparing the erude drug “ Herba (or 
Folia) Menthae piperitae”. In conse- 
quence, nearly all reports of any accur- 
acy on herbage yield per unit area origi- 
nate from Europe, and little information 
on this point can be gleaned from the 
American literature. According to one 
estimate, the American yield is two to 
If this estimate 
is substantially correct, the Florida Gar- 
den yields for the single year 1932 may 
be regarded as above average, with an 
acre equivalent of 7,707 lbs. (3.85 tons). 
However, the vields reported for other 
years were unusually poor (1.12 tons of 
English peppermint in 1931; 1.30 tons in 
1941; 1.45 tons in 1942), perhaps on ac- 
count of the 

growing weather 


three tons per acre (2) 


customary unfavorable 


Yield of Volatile Oil 


Reported yields of peppermint oil in 
the United States vary from almost 
nothing to 153 Ibs. avoir. per acre per 
vear (31) ''. [It will be noted that yields 
of volatile oil from the University of 
Florida Medicinal Plant Garden (Table 
Il) Variation trom 
year to year; the average yield per acre 
in 1931 to 


show considerable 
ranged from a low of 2.4 Ibs 
as high as 30.4 Ibs. in 1932 

The average yield in the four years 
for which we have records is 12.53 Ibs 
This is considerably 
inferior to the 30 Ibs. per acre frequently 


per acre per yea! 


mentioned as representing an 
vield '*, and very much below the yields 


lor the 


average 


claimed peppermint on Pacifie 
i It im more accurate to give yi ld in pounds 
(or an equivalent) 


the 


per acre than in proportion 


to herb weight content of the 


latter 


water 
yields are 


indicate 


varios #0 gre itly; also best 


stated as annual totals to tual 


produc tivity 
Hor ut 
represent 
the 
per 


Finnemore (11); 
yields from only 
Florida figures are 


Por example, by 
data 
erop per yeat 


totals for 


however his 


one while 


veral 


BOTANY 
coast, where 40-50 Ibs. (20) to 60 Ibs. 
(19) per acre per year is usual, and 


where 80 to 100 Ibs. vields are not un- 
common (9) 


Quality of Volatile Oil 


The following features, among others, 
are generally recognized as indicating 
good quality in peppermint oil for me- 
dicinal and food usage: (a) high men- 
thol (b) high menthol 
content, giving aromatic odor and taste; 
(c) low content of menthone (said to 
vive a bitter after-taste (27)) and other 
ketones. A better idea of the qualities 
of a good oil may be had from the anal- 
yses of oils produced in the States of 
Washington and Oregon, and universally 
acknowledged as of good quality ™. 
Such oils were studied by Johnson and 
Wilkes (19) who 
ranging as follows: 


content: ester 


reported constants 
total menthol, 59.99 


to 78.45% ; combined menthol (caleu- 
lated as menthyl acetate), 7.90 to 
20.46% (averaging about 10%). Other 


studies of these western oils were made 
by Tornow and Fischer (32) who found 
that total menthol ran 36.63 to 72.07% 
(average 55.18%) and combined men- 
thol 2.9 to 16.26% (average 6.72% ). 
The composition of a number of the 
oils produced from the University of 
Florida Garden plants is shown in Table 


I11. It will be noted that assays of oils 
obtained from the English mints of Ore- 
gon ran below requirements of the 
United States Pharmacopeia (not less 


than 50% 


cause of environmental factors 


total menthol), perhaps be- 


Pot Experiments in Greenhouse 


the 
trans- 


Runners of from 


Medicinal Plant 


peppermint 
Garden were 


13 Yields in Washington for 1930-1952 (inel.) 


averaged about 473 Ibs./acre; for Oregon for 
1930-1952 (ine!.) about 40.6 Ibs./acre (34) 
14 With the possible exception of the Kenne- 


wick (Typ K) oils of Washington 


(32 


enstern 


he 
* 
‘ 


CULTIVATION OF 
planted in glazed earthenware crocks 
containing various soils of Florida, pre- 
viously dried at room temperature and 
screened through a five-mm. sieve. Un- 
less otherwise noted, crocks of one gal- 
lon capacity were used. Watering was 
carried on three times weekly, an at- 
tempt being made to add water only to 
the point of saturation, as indicated by 
run-off from the bottom drainage tube. 


PEPPERMINT 


IN FLORIDA 
ways either two or three days after the 
last watering, that the 
given may be regarded as minimum and 
perhaps more fairly representative of the 
usual condition of humidity. Fertilizer 
applications were made on the basis of 
weight (aere-furrow-slice of 2,000,000 
lbs. for inorganic soils, 500,000 Ibs. for 
‘Saw Grass ’’ Peat, and 600,000 Ibs. for 
“Custard Apple” Muck) in all but two 


sO percentage 


TABLE II 


{ 
CONSTITUTION OF PEPPERMINT OFLS FROM Mepicinar PLANT GARDEN 


UNIVERSITY OF 


Date Oil 


ve 
Produced Det'd. by: 


Free Menthol 


Ester Menthol 


Fronipa (1929-1932) 


Total Menthol Other 


IX-23-31 \ (36.61) 7.03 13.64 
English 
(Ore) 
VIII-12-32 \ (32.27) 647 38.74 Considerable 
English B 33.44 8.63 12.07 amounts 
(Ore.) 26.08 menthone 
3.0% pulegone 4 
VII-9-42 Student 32.63 11.87 14.50 
* Key to symbols used in second column 
A—Lovell D. Hiner, “ Mint Oils in Florida’, Unpublished M.S. in Pharm. Thesis, Uni- 
versity of Florida (1931); and garden records. Used U.S.P. X method; assavs run 
1929-30 
B—-Arnold Whitney Matthews, “ A chemical investigation of some Florida volatile oils”, 
Unpublished Ph.D. Dissertation, University of Florida (1941) Used USP. XI 


method; assays run 1940-1 
C—Arnold Whitney Matthews, loc. ert 
ing Chem., Analytu al Edition, Vol 
Caleulated as menthyl acetate 
Determined by neutral sulfite 


Aufl. (1931)) 


7 
4 


Ocle. 3 


method 


This drainage was collected in jars and 
returned to the soil at the next water- 


ing. This was done in order not to 
leach out and lose the salts normally 
present in the soil, and thus to more 


nearly approach conditions in the soil 
in situ. Distilled water (pH 4.5 to 5.0 
to Nitrazine paper) was used until May 
20, 1941; after that, tap water (pH ap- 
prox. 7.5 to Cresol Red) 
was determined by weighing the soil first 
the 


Soil moisture 


in the air-dried state and again at 


end of the experiment, which was al- 


Used Brignall method (industrial and Engineer- 
3 (1941), p. 166); assave run 1940-1 


Gildemeister und Fr, Hoffmann, Die Actheriachen 


cases Where area Was used as a basis 

The herbage was carefully dried to air 
dryness for five to seven days after col- 
lection, and the volatile oil obtained by 
distillation in apparatus. 
Onl vields were estimated on the basis 
Water 
content of herbage was estimated from 
the difference in weight of the fresh and 
air-dried materials 


a Clevenger 


of both fresh and dried herbage 


As criteria of the state of 
development, habit 


vegetative 
and height of plant 


and dimensions of stem and leaf were 


a8 
) 
4 
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TABLE IV 


Resucrs or ExrenimMen tar 


COREEN HOUSE 


ULTIVATION OF PEPPERMIN1 


iN VaAnious Soits or vor 98-102 Days 


Reference Number 
Number Soil of Days Fertilizer 
of Culture Grown 
1 Leon Fine Os None 
Sand 
2 Same Os None 
3 Same Lin 
Sulf, Pot 
1 Same Superphosph 
(2 gal.) 
5 Fellowship None 
6 Fine Sandy OS Nom 
7 Loam 0-12-24 
it 500 Ibe 
Bayboro Os 0-12-24 
Fine Sandy it 500 Ibe 
10 Loam OS per acre 
11 Arredondo | Lime, Mur 
bine Loamy Pot Nit Soda, 
12 Sand } | Supe rphosp 
13 Sanne Ammophoska, 
(5 gal.) 1000 
per acre * 
Custard None 
15 Okeechobee OSs None 
Muck 
16 Sarre 0-12-24 
t 1000 Ibs 
17 San per acre 
1s OS 0-12-24 
at 5OO ths 
Same per aci 
20 Saw Crease None 
Everglades 
Peat None 
22 Same Os 0O-12-2 
it 5OO Ibe 
23 Sar OS per acre 
24 Tobacco ish 


* Figured on 


determined for each culture. The hy- 


drogen jon concentrations of the = air- 


dried soils were determined at the finish 

15 Tn ick nially, none of the greenhouse pep- 
permints flowered although they normally do 
so in the field in Florida No doubt this re- 


sulted from the reduction in insolation brought 
ibout by a thick coat of 

the and the 
flowering often noted in England 


whitewash appled to 


Non- 


greenhouse 
ind 


sides 


top ol 


iven basis (5 gal 


Wt. Gms Wt. Gms Herb Soil 
Green Air-dried Moisture Moisture 
Herbage Herb % % 
2 Insufficient to 
determine 
Dead 
a6 17. aver 
153 749 , 
25 19.5} 
7 76 SS 13.6 
3S 64 83.2 ‘ 
66 OS | 
20 5 aver 
69 104 | 10.1 
$2 216 
S4 87.5 
35 
43 
76 91.2 10.6 
43 
134 23.2 82.7 
16 M3) 
6.5 OLS 
33 13.8 | 126 
51 16.8 | 
68 
16 S41 158 
5! 148 | 
7 17.3 | 
164 781 190 
28 206 
ay Plants replanted and grown 
for a total ol 185 days 
5 (ser Table V) 
20.1) ver 
60 893 
7 32.8 | 765 
15 22 85.3 29.1 
erock — 0.000014 acre) 
of the experiment. The method used 


was that followed at the Florida Agri- 
cultural experiment Station (7) a Beck- 
mann hydrogen-ion lectrometric appar- 
atus being used 


the well-known de- 


Scots h 


bly also this results from 


fmency of sunlight there spearmint 


Ventha cardiaca) and Japan se mint growing 
mn the 


blossomed normally 


greenhouse 


‘ 
33 
3 


CULTIVATION OF 


PEPPERMINT 


TABLE IV (Continued) 


IN FLORIDA 


Maximum Lamina 


87 


Reference Root —— Dimensions Soil pH 
Number Soil Habit System (Max.) in mm at End of 
of Plant Height em 
of Culture Extent 64-41 Growth 
Length Breadth 
l Leon Fine Weak and ; er 7 
Sand degener- 
ating 
2 Same Very 12 
small; 
dead 
3 Same Average 21 5 24 | 14 
i same Average 15 34 Is | 
(2 gal.) 
5 Fellowship Average Rather 12 4 28 Le 13 
6 Fine Sandy Average extensive 37 41 23 oes 
Loam 
7 same Average Strongly MB 16 26 
deve loped } 5.24 
s Sane Average Very extensive 10 15 25 | 
4 Bayvboro Straggling Small 10 20 
10 Fine Sandy “ 10 17 24 4.79 
Loam 
il Arredondo Average Rather 7 35 21 | 639 
12 Fine Loam Average extensive 10 20 16 f pan 
Sand 
13 Same Average Same 12 MA $1 6.24 
(5 gal.) 
14 Custard Sprawling Extensive 37 1s 26 | 
Apple } 5.57 
15 Okeechobee 7 22 
16 Muck 15 59 
17 Same 36 5S 31 
1S Same 27 | 
10 Same 32 32 7 
) Saw Crass Average 5 28 rer 
21 hive rglact 10 | 5AS 
Peat 
22 Same 22 30 16 wr 
23 Same 30 16 22 
24 Same 40 42 21 


In some cases growth was tried in both 


Soils and Fertilizers 


soils 


were admixed to secure 
sentative sample: 
1) Leon Fine Sand: Collected 12/19 


a repre- 


the 
same type; in other eases, the fertilized 


unfertilized and fertilized soils of 


soil alone was used. In every instance 
two pot cultures were employed lor each 
formula. In determining herb moisture 
and in distilling the oil, the herb sam- 
ples were combined; in determining soil 
moisture, the average of the two figures 


was used: and in finding the soil pH, the 


40 from saw palmetto tract near Payne's 
Prairie, using the first five inches from 
surface. This soil is considered poor for 
truck crops (17). Fertilizer was applied 
at the acre rate of 2000 Ibs. ground lime- 
150 Ibs. potassium sulfate, 
600 Ibs. Superphosphate 

2) Norfolk Fine Sand: Obtained 10 
27/40 from turkey oak serub land near 


stone, and 


at 
= 
7 
if 
a 


ECONOMIC 


TABLE IV 


Maximum 


Reference Volatile 
Number Boil Thickness Oil Yiek 
of Culture 0.01 ce 
(mm.) 
1 Leon Fine Sand 
2 
3 Same 27 16 
4 Same (2 gal.) 2.1 iby 
5 Fellowship Fine $0 | 16 
6 Sandy Loam 2.1 j 
7 4.7 
2f 
» is 
y Bayboro Fine 23 
10 Sandy Loam 22 j 
11 Arredondo 25 | 10 
12 Fine Loamy 23 j 
14 Sand (5 gal.) 41 29 
14 Custard Apple 30 lay 
5 Okecechober 23 
Muck 
16 Same 3.1 13 
17 San 29 | 
1s Same 28 11 
10 Same 31 
20 Saw Grass Kver- 
21 giades Peat 30 
22 Same 26 
23 Same 26 | 
24 Same 2.1 
Gainesville, off the Palatka road, Said 


to be unsuited for truck crops (Hender- 
son). Applied fertilizer as follows: 
tassium sulfate, 150 Ibs.; sodium nitrate, 


150 Superphosphate, 600) Ibs. per 
acre 
3) Fellowship Fine Sandy Loam: 


” 


Collected 12/19/40 from slightly hilly 
land near Gainesville, using the top six 
inches. Fertilizer of the formula 0-12 
24 was applied at the rate of 500 Ibs per 
acre 

4) Bayboro Fine Sandy Loam: Col- 
lected 10/27/40 from field close to Ala- 
chua Sink, Payne's Prairie, near Gaines- 
ville, using the first six inches. Said to 
(Henderson) 


be good for truck crops 

16 This fertilizer formula and those which 
follow are given in the order: nitrogen—phos- 
phate-—potash 


BOTANY 


(Continued) 


Vol. Oil Vol. Oil 


Green Herb Dried Herb 


Not determined because of insufficient herb 


0.19 1.14 
0.19 1.14 
O18 OSS 
0.09 071 
The large yield of 
9 ‘ 
0.12 132 #13 may be due to 
0.22 1.25 better developme nt 
in large pot 
0.22 261 
0.12 
0.15 0.67 


Not distilled until after total of 185 days’ 
growth (See Table V) 
0.14 1.33 


Too small an amount to distil 


Fertilized with 0-12-24 at 500 Ibs. 
acre 

5) Arredondo Fine Loamy Sand: Col- 
lected 3/28/41 near Gainesville. pH at 
time of collection was 6.01. Two cul- 
tures (Nos. 11, 12) were fertilized with 
the equivalent of 1000 Ibs. ground lime- 
150 Ibs. sodium nitrate, 150 Ibs 
potassium chloride, and 600 Ibs. Super- 
phosphate to the acre. Another culture 
(No. 13) in a five-gallon crock | 
0.000014 acre) received on an area basis 
the equivalent of 1000 lbs. Amophoska 
per acre 


per 


stone, 


6) Orange Lake Peat: Collected about 
March, 1941, from W. A. Shand’s farm, 
close to Orange Lake, Florida. pH 4.87 
at time of collection. On basis of area 
(1 gallon crock «= 0.0000059 acre), used 
the equivalent of the following: ground 


¥ 2 
ep. 
rig if 
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TABLE V 


or Green House CULTIVATION OF PEPPERMINT IN VARIOUS SoILs 


or ror Pertop or 175-187 Days 


Number 


Reference 


Number Soil of Days Green 
of Culture Grown _ Herbage 
25 Norfolk 175 Sulf. Pot., 69 
Fine Nitrate Soda, 

Sand Supe rphosph 

26 Saw 185 None Is4 
Cirass 

27 Kver- None 347 
glades 
Peat 

28 Orange 187 Grd. Lime, 167 ¢ 

Lake Sulf. Pot., 
29 Peat 187 Super- 206 § 
phosph 


* Before cultivation, soil had pH 5.85 


Wt. Gms. 


Wt.Gms. Herb — Soil Soil 
Air- Mois- Mois- H End Habit of 
dried ture ture Plant 

Herbage 
79 88.6 70 537* Most erect 

and sturdi- 
est of all 
154 753 1248 5.82 
90.9 738 38.3 4 6.13 
20.0 53A 5.14 
5.18 


+ This culture kept in constant contact with water (in reservoir) during the last 87 days of 


growth (viz., July 8, 1941, to Oct. 3, 1941) 


t Weight of green herb after 102 days of growth 91 gm. 


§ Weight after 102 days growth 82 gm 


Figured on area basis (1 gal. crock with surface area of 0.0000059 acre) 


limestone, 2000 Ibs.; potassium sulfate, 
200 ibs.; Superphosphate, 600 lbs. to the 
acre, 

7) “Saw Everglades Peat: 
Collected during November, 1941, at 
Belle Glade, Fla. Applied 0-12-24 at 
500 Ibs. per acre to cultures No, 22 and 
23. Culture No. 24 received tobacco ash 
at the rate of 504 Ibs. per acre 

8) “Custard Apple” Okeechobee 
Muck: Collected November, 1940, at 
Lake Harbor, Fla. Used fertilizer mix- 


Grass 


ture 0-12-24 at the rate of 500 Ibs. per 
acre on one set, at rate of 1000 lbs. on 
another. 

Results from these pot experiments 


are recorded in Tables IV and \ 


Discussion 


Field experiments at the University of 
Florida Medicinal Plant Garden, Gaines- 


ville, Florida, conducted between 1927 
and 1942, indicate that the growth of 
peppermint in this region 1s erratic 


throughout the year and also from year 


to year. Although development appears 


excellent as a rule during the spring 
months, the plants usually develop a 
stand later and are inclined to 
lodge; this makes harvesting difficult '7, 
Although herbage may seem fairly nor- 
mal in and amount, 
jally early in the year, it generally 
shows at the most only an average yield 
of volatile oil, and this of relatively 
poor quality. It might prove profitable 
in southern latitudes to distil the herb 


poor 


appearance espe- 


as early in the year as possible—June or 


even earlier. This would require early 
transplanting in years when carried out 
Cutting in late spring would permit the 
herb to vegetate during a period of ade- 
the 
However, only 


quate moisture and to mature in 
drier days of early fall 
the mature flowering plant gives a good 


quality of oil, as has been shown fre- 


17 The difficulty in effectuating a proper de- 
gree of stubbling the 
chief obstacle in economic production of pep- 
ind spearmint in the Everglades area 
communication, Dr. B. A. Bourne 
Jan. 9, 1948) 


has been reported as 
permint 
(personal 


US. Sugar Corporation 


4 
: 
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TABLE V (Continued) 


Moximwum Maximum Volatile Oil Yield 
Stem Lamina 
Keference Number Root 
Number Soil of Days System Height Thick 
of Culture Grown Extent Length Breadth (V/W) (V/W) 
6-441 mm mm Green- Air-dry 
, mm age He rh 
25 Norfolk 175 Very 47 1 52 24 3 0.04 0.38 
Fine restricted 
Sand 
26 Saw 185 15 3A 26 18 9 0.05 0.20 
27 Kver- 185 * 410 33 35 20 14% 0.04 4 0.15* 
giades 
Peat 
2k Orange 187 Fairly 15 53 30% 10 0.06 0.50 
Lake extensive 
29 Peat 187 Same 42 381 361 


* This culture kept in constant contact with water (in reservoir) during the last 87 days of 
growth (July & to Oct. 3, 1941) 
+ Disximilarly from ordinary procedure, in this case the distillation was carried on with only 
partially dried herb 
t Data for these cultures after 102 days growth 
No, 28— Max, thickness of stem 36 mm 
Max. leaf dimensions: 20 x 42 mm 
No, 29— Max. thickness of stem 3.5 mm 
Max. leaf dimensions: 27 » 36 mm 


quently. Thus Fahmy et al. (10) found — relationships between such characteris- 
for plants grown in the Pyramid area of — tics of the soil as moisture and pH, on 
Egypt that total menthol and ester per- the one hand, and measurable charac- 
centage (resp.) ran for pre-flowering teristics of the cultured plants, such as 
plants, 47.0-50.2% and 9.1-11.0%; for leaf size '* and oil content, on the other. 
partly flowering plants, 57.5% and However, no very definite correlation 
13.5% ; for fully flowering plants, 56.8% could be adduced from the various data, 
and 15.6%. as might be expected from the complica- 

Another possible procedure might be tion of factors involved. Since the vola- 
to set the plants out during the rainy tile oil produced is the item of prime 
season (about June) and to harvest interest, it was thought most logical to 
them in autumn. This is said to be the arrange the various soils in the order of 
practice with mints and other herbs in total oil production from plants grow- 


tropical areas of Mexico Shading ing in them, and this has been done 
would no doubt prove advantageous dur- (Table VI) 
ing the summer months The importance of abundant moisture 


In the greenhouse experiments, growth  ! the development of both herbage and 


under identical conditions proved quite Volatile oil is suggested by the results 
variable for different soils used. The obtained in the 185-day culture of pep- 
latter might be arranged with reference permint in “Saw Grass” Everglades 


to various characteristics of the mints 18The importance of leaf dimensions, etc., 
growing in them—eg., oil yield, herb jn such « study as this was well shown in a 


growth, ote An effort was made to find paper by Bode (4) 


=. 
4 
Sie, 
> 


CULTIVATION OF 


The culture was so 


(unfertilized). 
conducted that the soil was in continu- 


Peat 


with water’*. During the 
last 87 days of growth, the plant showed 
a green herbage weight 188%, an air- 
dried weight 200%, and an oil produc- 
tion 156% of that of the culture watered 
in the usual way. 

That Mentha are best 
adapted for relatively humid soils and 
somewhat shaded or cloudy localities 
may be deduced from the structural 
characteristics of these plants, such as 
the typical mesophytie leaves, the thin 
cuticle on leaves of this type (33) and 
the stomata somewhat raised above the 
epidermal surface (14). The practical 
experience of growers in various parts of 
the United States and the greater success 
of plantations in the temperate Pacific 
Coast States have already been dis- 
cussed. 

Data on field-seale cultivations of 
peppermint in Florida are not abundant 
Many rumors of growing the plant in 
Florida are heard. When investigated, 
however, these have almost always 
proved to be false #°, Many people have 
no doubt attempted cultivation in this 
State from time to time over a long 
period, This is indicated by the many 
inquiries about peppermint received by 
the College of Pharmacy of the Univer- 
sity of Florida and by the Florida Agri- 
cultural Experiment Station. It appears 
evident that if this plant could be grown 
as successfully as or more successfully 
than in other States, there would now be 


ous contact 


species of 


a considerable acreage of it in the State, 
particularly in view of the advantages 
cited in the next paragraph and because 
of the generally favorable price of the 


1* For this purpose the potted plant was set 
into a larger erock ke pt filled to a certain level 
with tap water 

20 For 
Enterprise 
foundation) 


instance the me wspaper Homestead 
in 1928 stated (apparently without 


that peppermint could be grown 


thereabouts successfully 
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TABLE VI 


Ou. erom PLaANts Growing 
IN VARIOUS Sorts OF FLORIDA IN 


GREEN HOUSE CULTURES 


(Arranged in descending order of total 
oil yields) 


Culture Oil 
Soil and Treatment Yield 
O.OL 


After growth period of 98 to 102 days 


Fellowship (fertilized) “9 26 
Arredondo (fertilized with 

Ammophoska) * 13 247 
Custard apple (unfertilized) 14,15 17 
Fellowship (unfertilized) 5, 6 16 
Custard apple Clertilized at 

1000 Ib. rate 16,17 13 
Leon (fertilized) 3, 4 127 
Custard apple Clertilized at 

5OO Ih. rats 18,19 
Arredondo (limed and ferti- 

lized) ‘ 11,12 10 
Saw grass (fertilized). 22, 23 s 
Bavboro (fertilized) 10 6 


After growth period of 175 to 187 days 


Saw grass (Water Reservoir) 


(unfertilized) 27 14 
Orange Lake peat (fertilized) 28 10 
Saw grass (unfertilized) 26 9 
Norfolk (fertilized) (1 cul- 

ture) 25 3 

*Single culture in large crock (5 gallon) 


probably partly responsible for 
growth and larger oil production 

* Corrected (by areas) to make 
crocks of different size 


nore Vigorous 


allowance for 


oil, That such enterprises do not exist 
is fairly good evidence that attempts at 
profitable cultivation in Florida 
failed Furthermore, in this region 
Ventha species appear to be as uncom- 
mon in the wild in the eulti- 
vated In four State-wide surveys ol 
native wild life, R. M Harpe rand others 
(16) reported that no members of this 
genus were common in Florida 

There 


Ing peppermint mn 


have 


state 


are several advantages in grow- 
Florida: (a) relative 
freedom from many of the pests found so 


Inadi- 


ana), especially mint flea beetle and cer- 


detrimental in the north (e.g., in 


tain lungous diseases (such as rust and 


| = 
a 


92 
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anthracnose); these parasitic organisms 
do not seem to prevail here; (b) possi- 
bility of two or three harvests in good 
growing no risk of 
freezing the stolons in the winter; this 
is a frequent cause of crop failure with 
mint in Michigan and Indiana; (d) a 


cheaper labor market 


seasons; (¢c) almost 


Disadvantages in growing peppermint 
in Florida includ of 
lodging or development of procumbency 
by the plants; this makes 
much more difficult, if not practically 
impossible with modern equipment; (b) 
to offset lodging it has been found wise 


(a) trequence 


harvesting 


to replant each year, since by so doing, 


growth seems hardier and more erect, 


but this increases labor costs, whereas in 
the northern and western fields, replant- 
ing is not ordinarily done for intervals 
of several years; (c) even when they 
have been replanted in successive years, 
the plants tend to lodge more and more, 
and the oil yield of successive crops di- 
minishes; (d¢) apparently greater shat- 
tering leaf fall) Florida 
plantings; this may the 
rainy weather of the summer months, as 
(6); 
(e) oil quality has on the whole proven 
poor, (f) weeds grow more prolifieally 
here than in the north and weeding is 
more diffeult because of the procumbent 


habit of the mint, adding to the labor 


(or oceurs 


result from 


has been observed in other areas 


costs; tg) long distances and hence 
higher shipping costs to areas of con- 
sumption are other important disad- 
Vantages 

Conclusions 


From all the facts available, cultiva- 


tion of peppermint in Florida does not 
appear to be practicable or commercially 
profitable 


Among the eight soils studied in green- 


house cultivations, peppermint appar- 
ently grows to best advantage in Fel- 
lowship Fine Sandy Loam, “ Custard 
Apple” Everglades Muck, and “ Saw 
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Everglades Peat, in descending 


Grass 
order 
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eral kinds of 
and serve in 
Mexican 


quila ; 


few of which have been utilized 


microcar pa) 
“ey 
that vield valuable fiber 
the 


ileoholic beverages mezecal and te 


Agave 
manulacturing important 
creosote bush (Larrea divaricata), the 
source of nordihydroguaiaretie acid, a valu- 


able 


sepalus), a potential source of tannin 


intioxidant; canaigre (Rumer hymeno 


vari 


Species ol Yucca to furnish fiber ind 


guavule (Parthenium argentatum) to furnish 


rubber 


Promising but less advanced with respect 


to potential utilization are jojoba (Sim- 
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Abstracts 


ous wild gourds (Cucurbita spp.) to supply 


oil and protein; devil's claw (Martynia 
parviflora), also to furnish edible oil and 
protein; and a number of other plants 
(P. C. Duisberg, Desert Research, 1953) 


Tannins and Resins in Drilling Muds. 
In petroleum engineering fresh water and 
brine muds with various additives are used 
line the drill with an impervious 
coating so as to prevent seepage of water and 


to holes 
to accomplish other technological objectives 
The include 
starch, tannin extract of chestnut and que 
bracho wood and various gums. Among the 


latter, either actually used to some degree or 


idditives various chemicals, 


experimented with for the purpose, have been 
tragacanth various of small 
thorny the Astragalus), 
karaya (from trees of Sterculia urens), ghatti 


(irom Species 


hrubs in genus 


(from several trees of Anogeissus), gum 
shiraz (the botanical source of which seems 
not to be definitely known), gum arabu 
(from various species of Acacia) and the 


gums of locust bean (Ceratonia Sdiqua) and 


quince (Cydoma ohlonga) 


uh 
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\ 
pe 


BOOK R 


EVIEWS 


Vegetable Tanning Materials. Il. N 


Howes xn +325 pages 1953 London 
Butterworths Publications, Ltd American 
Distributors The Chronica Botanica Cc 
Waltham, Mase $5.50 

One industry which is very much aware of 


1 threatening shortage in the supply of its 
that of 


ire being made in 


vegetable raw material is tanning, 


and efforts various quar- 
ters to find and, more important, to develop 
profitable basis, addi 
Pubhiea- 


therefore, was ¢ speci illy 


on an economically 
tional sources of veget ible 


this book 


tannins 
thon ofl 


timely, for it considers over 5OO kinds of 
plants that have been utilized in this direc 
tion, some of them many centuries. Only 
two or three dozen kinds have been industri 


United 
States has depended upon imports for about 
two-thirds 


u iportant ind in recent vears the 
These needs amount 
to ipproxmmately 120,000 tons of 1000 tan 
nin, 


of its needs 
annually, and quebracho wood of the 
Argentine has in recent vears been the main 
stay of the kor reasons 
that source is gradually becoming more and 
curtailed, 
rected toward 


industry various 
being di- 
im reased use ol domestic ouk 
barks, Sumac, Canoaigre other 


more and attention is 


and possible 
SOUTCES 

Tannins are wide-spread throughout the 
Plant Kingdom, found in many 
kinds of plants which have not vet been used 


is commercial 


ind to be 


Two hun 
dred or more such plants possessing ten per- 


sources of them 
cent or more tannin, and thus being poten 
tial sources of tannin, are separate lv listed in 
the book 


conditions, of plant breeding 


a result of changed economic 
ind of finding 


high-yielding tannin strains among these un 


exploited plants, there is always the 
bility that a significant new souree may be 
reve iled 

Vegetable Fats and Oils. KF. W. Eckey 


x +836 pages. Reinhold Publishing Corp 
1954. $16.50 
Some years ago, mn at least two editions, 


Memograph #58 of the American Chemical 


society Wis published under the title “ Vege- 
table Fats and Oils’ and under the author- 
ship of Dr. George 8. Jamieson of the U. 8. 
Agriculture That 


Department of volume, 


now out of print, has been suceeeded by 
the present one as Monograph #123 and 
authored by E W Eckevy ol the W 


Eekey Research 
Ohio. This recent and greatly enlarged edi- 
tion has retained the principal feature Of its 


Laboratory, Cincinnati, 


predecessor, namely, that of providing “a 
nearly ill of the 


which 


descriptive catalogue of 
fats 
much serentific 
lished ”’ 

This unqualified declaration of objective, 
and the simple title itself, are misleading to 
the extent that they give the impression that 


vegetable and oils concerning 


information has been pub 


at least some information on all important 
vegetable oils is contained in the book. This 
is far from reality, for the enormous field of 


essential oils, on which a six-volume enevelo- 


pedia was recently published, is searcely 
mentioned More accurately, the book is 
concerned only with “ fixed’, “ non-essen- 


tial’ or “ non-volatile’ oils, so far as vege- 
tuble oils are concerned, and there never was 
any intention of considering the other exten- 
sive group. The book was written as a part 
a chemist the 
very likely always 
but to the present 


reviewer, a botanist, it appears untortunate 


of chemical literature, and to 
fats 


essential 


expression ind oils 


excludes oils, 
that the biologist or general reader consult- 
ing the book, but 
lact, Is 


unacquainted with this 
informed by some qualification 


on the tithe page that the oils mentioned in 


not 


it constitute only one of two groups of eco- 
important 
plants and of enormous industrial value 

With 


reader 


nomically oils obtained from 


the 
out 


this understanding, however, 
find Dr. Eckey’s book an 
standing compilation of information and of 
As com- 
pared with lr Jamieson's previous volume, 


will 
literature citations on the subject 
this one has been completely re-written, and 


the arrangement of material differs primarily 
in its not being according to the purely arbi- 


we 
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trary and at times absurd basis of its prece 
that of dividing fats and 
fixed oils into “ non-drying ”, “ semi-drying 
and “ drying ” instead, the fats 
ind oils are grouped according to the natural 
affinities of the plants which furnish them, 
that is, into plant Orders, Families and larger 
groups 


cessor, namely, 


categories 


After 240 pages in seven chapters of gen- 
eral chemical, physical and other aspects of 
these plant products, 550 pages are devoted 
to the individual fats and _ oils, 
with the non-flowering plants and progre 
ing through the gymnosperms and monocoty- 


beginning 


as the highest 
Order of dicotyledons which furnish commer- 
cially important fixed oils 
of these plants account for more than nine- 
tenths of the total tonnage of vegetable fat 
used in the world. Most important has been 
coconut oil, nearly six billion pounds of 
which was the estimated average annual pro- 
duction, principally in Indonesia, Philippines, 
India, Burma, Ceylon, Malaya and Oceania, 
from 1934 through 1938 

followed by 


ledons to the Campanulales 


Less than a score 


Peanut oil was a 


close second, cottonseed, soyv- 


Others in descend 
ing order of importance have been the oils of 


bean, rape and mustard 


flax, olive, palm fruits, sesame, sunflower, 
palm kernels, castor, hemp, tung ba- 
bassu, the last and least important of these 
coming from Brazil 
26,000,000) pounds 


(cottonseed, 


to the extent ot about 
Of these the edible oils 
peanut, soybean, sunflower, 
olive, sesame) were produced to the extent 
of about 18,000,000 pounds in 1951, the in- 
dustrial oils (palm, flax, castor, rape, oiti- 
perilla) to 14,000,000 


Cuca, about 


pounds 


tung, 


Plant Regulators in Agriculture. H. b 
Tukey, Editor, x + 269 pages. John Wiley 
& Sons, Inc., New York; Chapman & Hall 
Lid., London. 1954. $5.50 

Auxins and Plant Growth. A 


pold, xi +354 pages 
Press, 1955. $5 


Car) 
Univ. of California 


Leo- 


These two books deal with precisely the 
same topic, namely, either 
produced by plants themselves or commer 
cially synthesfzed and then applied to plants, 


those subst iInces, 


which regulate cell elongation and which, be 


cause of this effect, have, in the past two 
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decades, been the subjects ot one ot the most 
significant developments in ipphed botany 
and chemistry. These substances are known 
by a variety of two of which are 
‘auxins””’ and “ plant regulators 


the words of one of the hooks, they 


names, 

ind, im 
promise 
to have an impact on wriculture as great as 
the advent of the windmill or perhaps even 
of the mechanical harvester’ 

The books differ primarily im the nature 
of their authorship, in their arrangement of 
material and in the relative emphasis given 
to matters of pure 
appheation. With respeet to authorship, the 
first is the work of 17 
two of whom were responsible for each of 


science and to those of 


contributors, one or 
its 16 chapters, the second is the produet of 

Regarding 
first book, 


irrangement of ma 
after three chapters 
concerned with an introduction, with the 
principles ol plant with the 
chemical nature of plant regulators, devotes 


one author 
terial, the 


growth ind 


each of a dozen chapters to a particular as 
pect of application and coneludes with a 
chapter on equipment and methods of apph- 
the other book is divided into 
large parts ol several eh ipters each, the first 
part dealing with “ Fundamentals of Auxin 
Action the Agr 
of 


eation: two 


in 
third 
comparison, the second volume is somewhat 
fulfilment of the au- 
thor's intent to provide a 


second with 


Concerning the 


the more teehnieal in 
treatise written 
for the graduate student and the professional 
research man": the first book is 


for “advanced high-school student 


intended 

college 
students, and a considerable sprinkling from 
the business and professional world ” 

The practical Mmportance of our relatively 
new concerning the field 
lies in the facet that 
first 
growth 


fund of knowledge 
covered by these volumes 
1024, when 


definitely 


since indoleacetic acid was 


identified as one of the 


regulating substances produced within plants, 
this 


well as 


commercially 
related 
found effective in regulating a variety of de 
fruit ind other plants 
Although this acid has been definitely identi 
fied in 


same aeid, produced, as 


chemiealls acids, have been 


velopment» n trees 


only two plant sources (yeast and 


corn seedlings) and by indireet evidence has 
been shown to be the major growth hormone 
in the organs of six other plants (bean stems, 


“igar eane stems, potato tubers out coleop 
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tiles tomato stems), It Is 
regarded as the most common, but certainly 
the only hormone in plants 
(nthere have been identified as indolepyruvie 


wid, eis-cinnamie acid, phenylacetie acid and 


pine ipple leave 


not growth 


indoleacetonit rile 
W 


pounds, 


three or four dozen chemical com- 


mostly organic acids, have been 


only a 
The 


most important of their practieal applica 


found effective as growth regulators, 


few of them have acquired wide use 


tions. extensively discussed in these two 


hooks, 


“ ‘| 0 stimulate 


may be summarized as follows 


rooting mn a great variety 
of cuttings 

the food 
and in 


ind Christmas 


bh. To induce parthenoearpy in 


ind greenhouss tomato, 


holly 


hig 
the ornamental plants, 


pl ints, 


cherry 
c. To thin excessively heavy quantities of 
flowers on fruit trees, especially apples and 


pears 


d. To control pre-harvest fruit drop, espe- 


cially in apples; oranges, lemons, grapetruit, 
Bartlett 


sponded to this treatment 


ipricot ind pear have alse re- 


¢. To induce flowering in pineapple 
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f. To prevent sprouting of potatoes in stor- 
ige 

g. To control weeds, the greatest use of 
auxins, for which 60,000,000 pounds of 2,4-D 
were produced in the United States in 1952, 
that ap- 

treated 


which it may be estimated 
proximately 50.000, 000 
with this herbicidal material 

h. To control untimely bolting and flower 


from 


acres were 


ing in cabbage, celery and lettuce 

i. To defoliate cotton plants, preparatory 
for mechanical harvesting 

Each of these and several minor uses Ol 
growth-regulating substances are considered 
in these books From a long-range 
point of view, the chemicals concerned have 


two 


great agricultural potentialities by way of 
overcoming certain limitations of growth and 
development, as in the control of fruit set 
and fruit drop; by way of controlling the 
type ol growth, as in root induction; and by 
way of facilitating the mechanization of agn- 
culture, as in defoliating cotton. But each 
of these uses 1s liable to create new agricul- 
tural problems by their side effects, as in 
producing pineapple peduncles too long and 
too thin to support the fruits which are in- 
dueed by them to develop 
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